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INTRODUCTION
Mr. Randy Young, D ire c to r  
Arkansas S o il & Water C onserva tion  Commission
Welcome to  the  Arkansas Water Conference. Is  is  indeed an 
honor f o r  me to  serve as Chairman on b e h a lf  o f  the  conference spon­
sors which a re : the  U n ited  S ta tes  G eo log ica l Survey, the  Arkansas 
Water Resources Research C enter a t  F a y e t te v i l le ,  and the  Arkansas 
S o il and Water C onserva tion  Commission.
The purpose o f  t h is  Conference is  to :
(1) D iscuss Arkansas w a te r problems and o p p o r tu n it ie s  f o r  address­
ing  those problem s. In  the  w a te r resources management a rena , Arkansas 
is  t r u l y  the  "Land o f  O p p o rtu n ity "  as our m otto s ta te s .
(2 ) Serve as a p u b lic  forum to  s t im u la te  th o u g h t and in te r e s t  in  
A rkansas' w a te r resou rces .
We encourage yo u r a c t iv e  p a r t ic ip a t io n  in  the  program and urge 
you to  take  f u l l  advantage o f  the  q u e s tio n  and answer p e r io d s . We 
need and welcome th is  type  o f  d ia lo g u e  and supp o rt on a sus ta in ed  
b a s is .
We hope you f in d  the  Conference in te r e s t in g ,  in fo rm a tiv e  and 





D e c e m b e r  3 ,  1 9 8 5
G r e e t i n g s :
I  w o u l d  l i k e  t o  w e l c o m e  y o u  t o  t h e  f i r s t  A r k a n s a s  
W a t e r  C o n f e r e n c e .
W a t e r  i s  o n e  o f  A r k a n s a s '  m o s t  i m p o r t a n t  n a t u r a l  
r e s o u r c e s  a n d  t h e r e  a r e  m any  w a t e r  r e l a t e d  
q u e s t i o n s  d e m a n d i n g  a n s w e r s .  T h e y  a r e  n o t  p u r e l y  
t e c h n i c a l  q u e s t i o n s ,  b u t  r a t h e r  s u b j e c t i v e  
q u e s t i o n s  w h i c h  m u s t  be  d i s c u s s e d  s o  t h a t  e q u i t a b l e  
c o m p r o m i s e s  c a n  b e  f o u n d .
I  am p l e a s e d  t h a t  t h i s  c o n f e r e n c e  i s  t a k i n g  p l a c e  
a n d  t h e  f a c t  t h a t  a w i d e  v a r i e t y  o f  a g e n c i e s  a r e  
p a r t i c i p a t i n g  i s  a h o p e f u l  i n d i c a t o r  t h a t  t h e  
p r o c e s s  o f  d i s c o v e r i n g  e q u i t a b l e  c o m p r o m i s e s  w i l l  
c o n t i n u e .
I ' m  s o r r y  I  c a n n o t  be  w i t h  y o u  t o d a y ,  b u t  p l e a s e  
k n o w  t h a t  I  w i s h  y o u  a v e r y  s u c c e s s f u l ,  i n f o r m a t i v e  
c o n f e r e n c e .
S i n c e r e l y ,
B i l l  C l i n t o n
BC : k f
Office of the G overnor • State Capitol • L i t t le  R ock . Arkansas 72201 • 501-070-2345
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S U M M A R Y
OVERVIEW OF SURFACE WATER AND GROUNDWATER PROBLEMS
Mr. Randy Young, D ire c to r  
Arkansas S o il & Water C onserva tion  Commission
As the  com petion f o r  A rkansas' w a te r resources in te n s i f ie s ,  the 
problems w ith  q u a n t ity  and q u a l i t y  o f  su rfa ce  and groundwater becomes 
more a cu te .
Surface w a te r issues can be b ro a d ly  grouped in to  q u a n t ity  and 
q u a l i t y  problem s. The most common q u a n t ity  problem is  s trea m flow  de­
f ic ie n c ie s .  The s p a t ia l and tem poral d is t r ib u t io n  o f  s tream flow  and 
su rfa ce  w a te r demand have a n eg a tive  c o r re la t io n .  G e n e ra lly , low 
s trea m flow  occurs d u r in g  p e rio d s  o f  h ig h e s t demand. In  the  summer o f  
1985, flo w s  in  Bayou Bartholomew were in s u f f ic ie n t  to  meet demand.
The Commission was p e t it io n e d  by w a te r users in  the  bas in  to  a l l o ­
ca te  the  rem a in ing  s trea m flow  us ing  an e q u ita b le  apportionm ent meth­
od. However, p r e c ip i ta t io n  occu rred  s h o r t ly  th e re a f te r  and stream - 
f lo w  increased  s u f f i c ie n t l y  to  meet demand. Th is  is  a ty p ic a l exam­
p le  o f  su rfa ce  w a te r shortages d u rin g  peak demand pe rio ds  in  the  s ta te .
Another area o f  concern is  the  need to  e s ta b lis h  minimum stream - 
flo w s  to  p ro te c t  f is h  and w i l d l i f e ,  m a in ta in  w a te r q u a l i t y ,  and s a t is ­
fy  o th e r  in s tream  needs. M il l io n s  o f  g a llo n s  o f  w a te r a day pass 
th rough th is  s ta te  on the  way to  the  G u lf o f  M exico. T h is  w a te r cou ld  
be used in  d e f ic ie n t  bas ins i f  the  v a r ia b le s  o u t lin e d  in  A ct 1051 o f
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1985 were d e fin e d  and q u a n t i f ie d .  G u id e lin e s  must be e s ta b lis h e d  fo r  
in te rb a s in  t r a n s fe r .  Minimum s tream flow s must be de term ined f o r  a l l  
in s tream  uses. The q u a n t ity  o f  s tre a m flo w  a v a ila b le  f o r  development 
must be de term ined f o r  fu tu re  w a te r resources p la n n in g  a c t i v i t i e s .
Water q u a l i t y  problems focus on c o n t r o l l in g  n o n -p o in t sources 
o f  p o l lu t io n  and w a te r q u a l i t y  s ta n d a rd s . N o n -p o in t sources o f  p o l lu ­
t io n  are  o fte n  tim es underestim a ted  because by d e f in i t io n ,  the  p o l lu ­
ta n ts  o r ig in a te  ove r an a re a , coun ty  o r  re g io n  o f  th e  s ta te ,  and the  
s e v e r ity  o f  the  problem  stems from  the  a d d it iv e  e f fe c ts  o f  m inor p rob ­
lems over la rg e  a reas . The a g r ic u l tu r a l  re g io n s  o f  Eastern  Arkansas 
c o n tr ib u te  tons and tons o f  to p s o i l to  su rfa ce  w a te r streams and la k e s . 
C onserva tion  techn iques  must be developed and implemented th a t  w i l l  
m a in ta in  s o i l  p r o d u c t iv i t y  w h ile  p ro te c t in g  w a te r q u a l i t y .  The im­
p rope r d isp o sa l techn iques  u t i l i z e d  in  no rthw e s t and n o rth  c e n tra l 
Arkansas f o r  animal waste has caused excess ive  n i t r a t e  c o n c e n tra tio n s  
in  s tream s.
Water q u a l i t y  s tandards are too  r ig id  and u n r e a l is t ic .  T y p i­
c a l ly  the  le a s t  im pa ired  o r  a lte re d  streams do no t comply w ith  these 
s ta n d a rd s . C u r re n t ly ,  the  s ta te  is  re v ie w in g  proposed a c t i v i t i e s  f o r  
com pliance w ith  the  w a te r q u a l i t y  s tandards th a t  are in  p la c e . The 
Arkansas Department o f  P o llu t io n  C o n tro l and Ecology has a s tudy under 
way to  c o n s id e r n a tu r a l ly  o c c u rr in g  se a s o n a lly  and re g io n a l ly  v a r i ­
ab le  w a te r q u a l i t y .
P r io r i t i e s  e s ta b lis h e d  in  s ta te  s ta tu te s  d e lin e a te d  p u b lic  sup-
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p l ie s  as top  p r io r i t y  in  any d is p u te s  between com peting uses. De­
velopm ent o f  A rkansas' w a te r resources to  s u s ta in  l i f e  and m a in ta in  
h e a lth  has p r io r i t y  ove r uses th a t  p ro v id e  economic g a in . P ro v id in g  
s u ita b le  q u a l i t y  w a te r f o r  ru ra l a s s o c ia tio n s  and m un ic ipa l supp ly  
systems in v o lv e s  the  s e le c t io n  o f  sources th a t  w i l l  s a t is f y  demand 
on a su s ta in e d  b a s is . C it ie s  a long the  Arkansas R ive r V a lle y ,  such 
as F t.  Smith and R u s s e l lv i l le ,  a re  c u r re n t ly  in  need o f  a d d it io n a l 
s u p p lie s  and are in v o lv e d  in  e v a lu a tin g  the  o p tio n s  o f :  Impound­
ments on s tream s, Arkansas R ive r w a te r as a raw w a te r sou rce , t i e  
in to  o th e r  supp ly  system s, and s e le c t io n  o f  the  bes t f in a n c ia l op­
t io n s  a v a ila b le  to  c o n s tru c t the  p rope r a l te r n a t iv e .  As economic 
development and the  p o p u la tio n  in c re a s e s , the  demands on e x is t in g  
supp ly  and tre a tm e n t systems w i l l  p lace  more and more c i t ie s  in  the 
p o s it io n  o f  making hard d e c is io n s  on a l te r n a t iv e  sou rces. The de­
c l in e  in  fe d e ra l g ra n ts  and the  p ro p e n s ity  o f  the  c u r re n t  a d m in is tra ­
t io n  toward hard loans and money "up f r o n t " ,  w i l l  make f in a n c in g  and 
im p lem en ta tion  o f  a p p ro p ria te  management o p tio n s  d i f f i c u l t  o r  impos­
s ib le  f o r  the  s m a lle r  ru ra l w a te r a s s o c ia tio n s  and m u n ic ip a l i t ie s  in  
A rkansas.
Excessive su rfa ce  w a te r o r  " f lo o d in g "  is  a common s p r in g tim e  
occurrence in  A rkansas. The d e s ire  to  deve lop f lo o d p la in s  by bus iness , 
c o rp o ra tio n s  and in d iv id u a ls  e f f e c t iv e ly  reduces s to ra ge  f o r  r u n o f f  
from  la rg e  storm  eve n ts . Reduced s to rage  causes h ig h e r than normal 
s tream flow s r e s u lt in g  in  f lo o d in g .  Development o f  a f lo o d p la in  near
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an urban area in c reases  the  q u a n t ity  o f  r u n o f f  and reduces the lag  
tim e  due to  coverage o f  th e  land  by im perv ious m a te r ia ls .
Groundwater problems are  s im i la r  to  s u rfa ce  w a te r problems in  
th a t  they  g e n e ra lly  f a l l  in to  the  two c a te g o r ie s  o f  q u a n t ity  and 
q u a l i t y .
The S ta te  o f  Arkansas can be d iv id e d  g e o lo g ic a l ly  in to  two p ro v ­
in c e s : The D e lta  and the  H igh lands . The H igh land  areas o f  the O uachita  
M ountains and the  Ozarks are u n d e r la id  by sha les and sandstones. The 
f ra c tu r e  d e n s ity  and degree o f  de fo rm a tio n  c o n tro ls  s to rage  and t ra n s ­
m is s iv i t y  in  the  fo rm a tio n s . These p h y s ic a l c h a r a c te r is t ic s  o f  the  
c o n s o lid a te d  fo rm a tio n s  g e n e ra lly  l i m i t  w e ll y ie ld s  to  le ss  than ten  
G.P.M. An e xce p tio n  to  t h is  r u le  are the  deeper Gunter and Roubidoux 
fo rm a tio n s  th a t  serve as m u n ic ip a l sources across the  n o rth e rn  t i e r  
o f  c o u n tie s  in  the  S ta te .
The D e lta  area is  in te n s e ly  farmed and much o f  i t  is  i r r ig a te d .
The demand by a g r ic u ltu r e  d u r in g  June, J u ly  and A ugust, when stream - 
f lo w  is  lo w e s t, has le d  to  a dependence on groundwater rese rves to  
supplem ent the  inadequate su rfa ce  w a te r s u p p lie s . As a r e s u l t ,  ground- 
w a te r le v e ls  have d e c lin e d  in  excess o f  s ix t y  fe e t  in  the  A l lu v ia l  
A q u ife r  o f  Lonoke, A rkansas, P r a i r ie ,  C ross, P o in s e tt and Craighead 
c o u n t ie s .
M un ic ipa l and s e lf - s u p p lie d  in d u s t r ia l  w ith d ra w a ls  a t  Pine 
B lu f f ,  El Dorado and M agnolia have lowered w a te r le v e ls  240, 320 
and 260 fe e t  re s p e c t iv e ly .  Lower w a te r le v e ls  are no t in h e re n t ly
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detrim ental to  groundwater supplies but p o te n t ia lly  lead to  aqu ife r 
compaction, reduced y ie ld s  and q u a lity  degradation by the in tru s io n  
o f s a lt  water. Many iso la te d , small areas in  the State are under­
la id  by portions o f aqu ife rs contaminated from n a tu ra lly  occurring 
mineral sources not associated w ith  o ve rd ra ft. Recent a c t iv i t ie s  to 
p ro tec t our groundwater sources p r io r  to  contamination have concen­
tra te d  on the po ten tia l e ffe c ts  o f la n d f i l ls ,  hazardous waste dispos­
a l ,  sep tic  tank systems, surface impoundments fo r  holding waste, 
underground storage tanks and in je c t io n  o f hazardous waste and s a lt  
water from o i l  and gas f ie ld s .
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S U M M A R Y
STREAMFLOW DEFICIENCIES 
Mr. Earl Smith
Arkansas Soil & Water Conservation Commission
The c lim ate in  Arkansas is  c la s s if ie d  as humid sub tro p ica l.
This c la s s if ic a t io n  is  characterized by d ry , hot and humid summers 
caused by a lack o f p re c ip ita t io n  due to  c irc u la t io n  around subtrop­
ica l high pressure c e lls .  Typical summer p re c ip ita t io n  occurs as 
convectional heating type showers and occasional general ra ins as 
the re s u lt o f cyclones or hurricanes in  the G ulf o f Mexico. Winters 
are m ild and re la t iv e ly  wet. W inter p re c ip ita tio n  occurs as a re s u lt 
o f fro n ta l clashes between P a c ific  or Canadian a ir  masses and warm, 
moist a i r  from the G ulf o f Mexico. The d if fe re n t  processes th a t re ­
s u lt  in  the d is tr ib u t io n  o f r a in fa l l  in  Arkansas is  fu r th e r com pli­
cated by the orographic e ffe c ts  o f the Ouachita and Ozark Highlands.
On an annual basis, p re c ip ita t io n  averages 48 inches and va r­
ies from 42 inches in  north cen tra l Arkansas to  54 inches in  the 
Ouachita Mountains. Runoff in the s ta te  averages approximately 18 
inches per year and ranges from 12 inches in the northwest corner 
o f the State (Karst) to  24 inches in  the Boston and Ouachita Moun­
ta ins  (Shale and Sandstone). Many fac to rs  in fluence the ra t io  
o f p re c ip ita tio n  to  ru n o ff. Some common variab les are: Land cover, 
slope, s o il types, geology and evaporation ra tes . As these charac-
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t e r i s t i cs change from area to  area w ith in  the s ta te , ru n o ff coef­
f ic ie n ts  change accord ing ly .
While i t  is  true  th a t Arkansas has an abundance o f water 
o v e ra ll,  the temporal and sp a tia l d is tr ib u t io n  o f surface water 
a v a i la b i l i t y  does not co rre la te  w ith  the patterns o f surface water 
demand. Runoff is  highest in  the w in te r and ea rly  spring and low­
est during the summer and ea rly  f a l l .  Demand is  lowest during the 
w in te r months and peaks during the months o f June, Ju ly  and August. 
Management options must focus on storage o f high w in te r streamflow 
fo r  use during the ty p ic a l ly  low stream flow-high demand periods o f 
summer.
The standard fo r  quan tify in g  low streamflow is  the lowest flow  
fo r  a seven-day period in  ten years. The seven-day, ten -yea r, low- 
flow  (7Q10) fo r  streams in  Arkansas varies from zero to  100,000 - 
150,000 C.F.S. fo r  the M iss iss ipp i R iver. Most streams in  the sand­
stone underla id  areas o f the Boston Mountains, Arkoma Basin and the 
fro n ta l zone o f the Ouachita Mountains go to  zero flow  fo r  the seven- 
day ten-year low -flow . Streamflow in  the northern quarte r o f the 
State is  sustained by springs from the underlying limestone and 
dolom ites. Most o f the de lta  streams go dry due to  re la t iv e ly  rapid 
in f i l t r a t io n  o f ru n o ff in to  surface c lays , sand, s i l t s  and gravels 
and subsequent pe rco la tion  down to  the water ta b le . Only the la rg e r 
streams in  eastern Arkansas, such as the Cache, S t. Francis, Bayou 
Bartholomew and Saline R ivers, plus the la rg e r regulated r iv e rs
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such as the Ouachita, White and Arkansas R ivers, susta in substan­
t ia l  flow  fo r  the 7Q10.
Arkansas water law is  based on the o ld  English common law.
The r ig h t  to  use water is  inc ide n t to  ownership o f r ip a r ia n  land 
which is  adjacent to  surface water or ove rly ing  groundwater. Water 
disputes have genera lly  been decided in  the courts according to  
the reasonable use te s t which allows each owner to  withdraw and 
use surface water w hile  having due regard fo r  the e ffe c t o f th a t 
use upon other r ip a r ia n  owners. While the Commission has the au­
th o r ity  to a llo ca te  during times o f shortage and s e tt le  disputes 
among competing uses, many cases do not come to  the a tte n tio n  o f 
the Commission and are resolved by the p roverb ia l " la rg e s t pump 
wins" philosophy. The re s u lt is  th a t streams are pumped u n t i l  
the user can no longer maintain a water leve l s u f f ic ie n t  to  main­
ta in  suction by his pump. By th a t tim e, there is  l i t t l e  streamflow 
le f t  to a llo c a te .
The to ta l water used in  1981 statewide was 33 B.G.D. E ighty- 
fou r percent o f th is  to ta l was used fo r  hydro and the rm oe lectric  
power and considered non-consumptive use. Sixteen percent, or 5.3 
B.G.D., was considered consumptive use. Twenty percent o f the to ta l 
consumptive use was from surface water sources. A g ricu ltu re  ac­
counted fo r  f i f t y - e ig h t  percent (618 MGD) o f th is  to ta l .  Other uses 
were as fo llo w s : S e lf-supp lied  industry  - 13.6 percent (145 MGD), 
pub lic  supplies - 13.4 percent (143 MGD), aquaculture - 11.2 percent
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(120 MGD) and ru ra l use was fou r percent o f the to ta l (41.6 MGD).
Act 1051 o f 1985 was passed in  an e f fo r t  to  es ta b lish  a mech­
anism to  determine the requirements o f Arkansas water users and 
other purposes. The Act mandated th a t the Commission define and 
q u a n tify  many hydro log ic va ria b le s . Some variab les  o u tlined  in  the 
Act were: Instream flow  requirements fo r  game and f is h ,  nav iga tion , 
maintenance o f water q u a lity ,  a q u ife r recharge and the establishment 
o f minimum stream flow s. The d e f in it io n  fo r  minimum stream flows 
has been defined by the Commission as the lowest discharge th a t w i l l  
s a t is fy  the minimum instream flow  requirement. Instream flow  re qu ire ­
ments are not a d d itive  fo r  the purposes o f nav iga tion , f is h  and w ild ­
l i f e  and water q u a lity  because the same flow  can be used to  s a tis fy  
a l l  three o f these non-consumptive uses. Therefore, the la rg es t 
instream flow  requirement w i l l  c o n s titu te  the minimum stream flow .
The q u a n tity  determined necessary fo r  minimum stream flows w i l l  be 
reserved and protected fo r  those uses w ith in  l im its  o f c lim a to log ica l 
con tro ls  by ceasing a l l  d ive rs ions beyond the established minimum.
Minimum stream flows have been proposed fo r  Bayou Batholomew 
a t the Jones, Louisiana gaging s ta tio n  (close to  the AR-LA sta te
l in e ) .  Those requirements are as fo llo w s :
Flow
RequirementsNon-consumptive Uses
1. Maintain water q u a lity  (7Q10) 44.0
2. Fish & w i ld l i f e  (10% mean monthly fo r
lowest month - August) 28.5
3. Navigation Non-navigable
4. In te rs ta te  compacts (40% o f wkly ru n o ff - 
.4 x 80 CFS)
32.0
5. Minimum streamflow 44.0
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As the com petition fo r  surface water in te n s if ie s  and heavy re ­
liance  on groundwater reserves cause unacceptable water leve l de­
c lin e s , the management options a ffe c tin g  o r supplementing streamflow 
are lim ite d . Some v iab le  options th a t could increase streamflows 
are as fo llo w s : In te rbas in  tra n s fe r and no n -rip a ria n  use, o ff-s tream  
storage, q u a n tify  minimum stream flows and the establishm ent o f wa­
te r  management d is t r ic t s .  These management options in  accordance 
w ith  a con junctive  use approach can provide ample water supplies to  
meet the water needs o f Arkansans fo r  decades to  come.
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S U M M A R Y
ESTABLISHMENT OF REALISTIC WATER QUALITY STANDARDS
Dr. P h y llis  G arnett, D irec to r 
Arkansas Department o f P o llu tio n  Control & Ecology
The basic goal o f the Clean Water Act o f 1972 was the achieve­
ment o f a ce rta in  leve l o f c leanliness in  the waters o f the nation 
which would provide fo r  fishable-swimmable waters. Since 1972, m il­
lio n s  o f tax d o lla rs  have been spent in  an e f fo r t  to  achieve th is  
noble goal fo r  the na tion . In order to  achieve what appeared to  be 
a simple stated goal fo r  water q u a lity ,  values were established to  
be app licab le  nationwide. The fa lacy  o f these r ig id  standards is  
now evident in  th a t there was a fa i lu re  to  recognize seasonally or 
re g io n a lly  va riab le  water q u a lity . As a re s u lt ,  many o f the most 
clean streams and lakes have n a tu ra lly  occurring water q u a lity  v a l­
ues th a t do not meet these standards.
The very framework o f any s ta te  water q u a lity  regu la to ry agency 
is  the standard by which i t  regulates and manages the S ta te 's  re ­
sources. By necessity , the standards must be co rrec t in  order to  do 
an e f f ic ie n t  and e ffe c tiv e  jo b . The apparent d is p a r ity  between the 
Water Q ua lity  Standards and actual water q u a lity  values led to the 
conclusion th a t a study should be undertaken to  define water q u a lity  
conditions in  least-im pa ired streams w ith in  d if fe re n t physiographic 
regions o f Arkansas. The ove ra ll ob jec tive  is  to  develop and f i -
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n a lly  es ta b lish  r e a l is t ic  water q u a lity  standards fo r  the State o f 
Arkansas and thus w ith  a sound s c ie n t i f ic  bas is , determine the leve l 
o f c lean liness to  which the waters o f the State should be protected.
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S U M M A R Y
PUBLIC WATER SUPPLY CONCERNS
Mr. Bruno K irsch, J r . ,  P .E ., D irec to r 
D iv. o f Engineering, Arkansas Dept. o f Health
As many o f you are aware, the Department o f Health has the 
primary re s p o n s ib ility  fo r  the enforcement o f our ru les and regu la­
tions  on pub lic  water systems and the adm in is tra tion  o f the Environ­
mental P rotection Agency's Safe Drinking Water Act. To th a t end I 
fee l th a t there are three primary issues facing the d rink ing  water 
program in  our S tate . These are:
(1) The implementation o f the new standards o f the Safe D rink­
ing Water Act.
(2) The a n a ly tica l capacity o f the Department o f Health 's 
labo ra to ries  to  meet the new standards and to  handle the ever in ­
creasing emergency s itu a tio n s  a ffe c tin g  our water supplies.
(3) The po ten tia l use o f the Arkansas River as a d rink ing  
water source.
The f i r s t  o f these issues is  the proposed changes to  the Safe 
Drinking Water Act (SDWA). C urrently  EPA is  sys tem atica lly  review­
ing the curren t standards and proposing new standards. At the same 
time Congress is  reau thoriz ing  the SDWA. The Senate and House o f 
Representatives have passed th e ir  versions o f the proposed changes 
to the Act. The Congress has been c r i t ic a l  o f EPA's apparent lack
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o f concern in  developing ad d ition a l standards. Since 1974 EPA has 
only estab lished one standard - trihelom ethane. Nonetheless, our 
expanding a n a ly tic a l c a p a b ilit ie s  are de tecting  heretofore previous­
ly  undiscovered minute concentrations o f various to x ic  chemicals in 
in d iv id u a l and pub lic  water supplies across the na tion . Some o f 
these chemicals are suspected or known carcinogens. Others have 
not received s u f f ic ie n t  assessment to  document any pub lic  r is k .
From the versions o f the Act th a t I have reviewed, I fee l 
Congress is  mandating ad d ition a l standards and is  es tab lish ing  de­
f in i t i v e  time tab les fo r  th e ir  development. Therefore, the stan­
dards th a t are being proposed by EPA are probably a compromise w ith  
Congress to  meet the in te n t o f the congressional le g is la t io n . Re­
a l i s t i c a l l y ,  as new and more research continues in to  the area o f 
to x ic  chemicals, I can only p re d ic t more standards being added to 
the Act.
The question remains "what are we going to  f in d  when we im­
plement the new standards?" In th is  area I can only speak in  g e n e ra li­
t ie s .  I am aware th a t the sta tes o f Minnesota and Wisconsin have 
already monitored fo r  the v o la t i le  organic compounds (p r im a r ily  
in d u s tr ia l so lvents) which w i l l  be regulated w ith  new standards.
These states repo rt th a t they have detected traces o f these type o f 
compounds in  approximately 10% o f th e ir  pub lic  water systems. Fur­
th e r, our labora to ry personnel have reviewed our m onitoring re su lts  
fo r  organic chemicals fo r  the la s t  year. I t  appears th a t approxi-
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mately 20% o f our samples have some type o f unknown organic com­
pound. Therefore, I can only assume th a t we w i l l  f in d  some o f these 
new compounds. However, whether they have any health consequences 
remains to  be seen.
This leads me to  the second and most pressing issue - the 
development o f our a n a ly tica l c a p a b ilit ie s , esp ec ia lly  in  the organics 
labo ra to ry , to  provide the necessary labora to ry support fo r  our pub­
l i c  water systems. Our program did a n tic ip a te  the need fo r  expanded 
labora to ry capacity and requested add itiona l funds during the la s t  
budget cyc le . U nfo rtunate ly , the request was not approved and re ­
mains an unfunded p r io r i t y  o f the agency. Thus, our water supply 
program and industry  faces a growing dilemma. H is to r ic a l ly ,  the 
pub lic  water systems have always re lie d  on our lab o ra to ries  to  do 
th e ir  a n a ly tica l work. Since our program does not a n tic ip a te  any 
add itiona l Federal funds and has been turned down fo r  add itiona l 
State funds, the pub lic  water systems face a real c r is is  in  th is  
area. I t  is  my opinion th a t our labo ra to ries  should be expanded to 
increase th e ir  a n a ly tica l c a p a b ilit ie s . I am in  the process o f rec­
ommending various funding op tions. H opefu lly , in  the near fu tu re  we 
w i l l  have th is  problem resolved.
The th ir d ,  and most perplexing issue th a t the water supply pro­
gram must address, is  our long-standing p o lic y  against the use o f the 
Arkansas River as a pub lic  water supply source. I have become acute­
ly  aware th a t th is  p o licy  has l i t t l e  support among the environmental
17
The movement in  our State fo r  more environmental preservation is  
c e r ta in ly  ju s t i f ie d  and the preservation o f the free  flow ing  streams 
in  the Ozark Plateau is  a concern th a t our agency cannot d iscount. 
However, since i t  is  our agency's re s p o n s ib il ity  to  ensure the safe­
ty  and a c c e p ta b ility  o f the pub lic  water supplies to  our c it iz e n s ,
I c e r ta in ly  fee l a comprehensive in v e s tig a tio n  needs to  be under­
taken to  study the various aspects o f th is  complex issue. Right 
now th a t opportun ity  e x is ts  through the Corps o f Engineers. The 
L i t t l e  Rock D is t r ic t  Corps o f Engineers has been authorized to  do 
a study on ju s t  th is  issue. I f irm ly  be lieve th a t a l l  agencies 
should un ite  and in s is t  th a t the study be completed.
For our p a rt, my s ta f f  has been review ing our p o s itio n . A l­
though we have not f in a liz e d  our conclusions, there are the fou r 
general areas o f concern. These are s a lt  con ten t, heavy m etals, 
v u ln e ra b il i ty  and trace to x ic  organics.
Of these concerns, I fee l th a t there is  s u f f ic ie n t  e x is tin g  
data on the s a lt  concentration and heavy metals to  warrant fu r th e r 
in v e s tig a tio n . The Arkansas Department o f P o llu tio n  Control and 
Ecology's 1984 water q u a lity  re po rt a c tu a lly  ind ica tes th a t the 
s a lt  concentration o f the r iv e r  is  increasing . I f  th is  is  a c tu a lly  
the case, our agency must in s is t  th a t a treatm ent process which re ­
moves s a lt  is  u t i l iz e d  before we can se rio us ly  consider the r iv e r  
as a d rin k ing  water source. The only v iab le  treatm ent process fo r  
s a lt  removal is  reverse osmosis. The process is  also capable o f
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heavy metal removal. However, the treatment process is  extremely 
expensive and has had operational d i f f i c u l t ie s .  Therefore, i t  has 
not received widespread support by the water u t i l i t i e s  o f our na tion .
A ll o f us re a lize  the v u ln e ra b il ity  o f the r iv e r .  The Depart­
ment's curren t p o licy  is  to  requ ire  o ff-s tream  storage on a l l  r iv e r  
sources. Thus, we would have to  in s is t  on a t best two weeks to  
t h i r t y  days o ff-s tream  storage before the r iv e r  could be considered. 
Further, we would requ ire  a rou tine  m onitoring program to  ensure 
the sa fe ty and a c c e p ta b ility  o f the water to  the customers.
Of a l l  the concerns, the lea s t amount o f data is  in  the areas 
o f trace to x ic  organics. Due to  the new soph is tica ted  equipment and 
techniques, we can analyze fo r  these compounds a t trace leve ls  pre­
v ious ly  unknown ju s t  ten years ago. R ight now, our a n a ly tica l capa­
b i l i t i e s  fa r  exceed our a b i l i t y  to  determine any b io lo g ic a l/h e a lth  s ig ­
n ifica n ce . However, some epidem iological studies appear to  ind ica te  
th a t i f  a t a l l  poss ib le , we should not u t i l iz e  water sources th a t re ­
ceive numerous po in t and non-point sources as in  the case o f the Arkan­
sas R iver. The Department acknowledges th a t o ther s im ila r  waterways 
are in  use. These are some o f the same waterways where studies were 
conducted. In a d d itio n , we found th a t C in c in n a ti, Ohio w i l l  become 
the f i r s t  major c i ty  to  in s ta l l  actuated carbon f i l t e r s  due to  th e ir  
concern over th is  issue. I t  appears th a t carbon f i l t r a t io n  is  a v iab le  
treatment a lte rn a tiv e  and i t  w i l l  need to  be considered i f  we must use 
the R iver. I appreciate the opportun ity  to  address th is  Conference 
and hope i t  becomes an annual forum to  address our S ta te 's  water issues.
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S U M M A R Y
FLOOD PROTECTION OF ARKANSAS HIGHWAYS
Mr. Charles Venable
Arkansas State Highway & Transporta tion Department
The Arkansas State Highway & Transporta tion Department has 
over 16,000 miles o f highways w ith  approximately 6,600 bridges to  
maintain and upgrade. Therefore, i t  is  obvious th a t surface water 
hydrology and hydrau lics is  very im portant to  the Department. An 
example o f th is  is  the December, 1982 flo o d . Over $8,000,000 was 
expended fo r  flood  damage re p a ir to  our highways and bridges. I t  
is  very im perative th a t we co n tin u a lly  upgrade our data c o lle c t io n  
and improve our technology through experience and research.
A major too l th a t the Department is  using to  c o n tin u a lly  im­
prove i t s e l f  in  hydrau lic  re la ted  technology is  our Hydraulics Sec­
t io n . The Section is  p ro fess io na lly  s ta ffe d  by f iv e  engineers and 
three techn ic ians. Since i t  is  estimated th a t 15% o f funds expended 
on highway pro jec ts  is  fo r  construction  and drainage s tru c tu re s , i t  
is  very important th a t we be apprised o f the la te s t data c o lle c t io n , 
recent research and the changes in  hydrologic and hydrau lic  techno l­
ogy fo r  adequate c o s t-e ffe c tiv e  maintenance and design.
My purpose th is  afternoon is  to  inform  you o f our Hydraulics 
Section a c t iv i t ie s  and view s lides  dep ic ting  flood ing  action  upon 
our highways.
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I .  Flood P rotection fo r  Arkansas Highways:
Projects are designed and reviewed by the Section using the 
fo llo w in g  design c r i te r ia :
(a) Primary and In te rs ta te  Highways
(1) 50-year flood
(2) Risks considered fo r  the 100-year flo o d .
(b) Secondary Roads
(1) 25-year flood
(2) Risks considered fo r  the 50-year flo o d .
(c) Urban Streets
(1) Federal Aid Projects - generally designed fo r  25-year 
flood  unless community ordinance d ic ta te s  otherw ise.
(2) Non-Federal Aid Projects - 10-year flo o d .
(3) Storm Drains
( i )  In te rs ta te  P rojects - 50-year flo o d .
( i i )  Other Federal Aid P rojects - 10-Year flood
( i i i )  Non-Federal Aid P rojects - 2-year flood
I I .  F loodplain Management Program:
The Hydraulics Section reviews each proposed highway p ro jec t 
fo r  f lo o d p la in  compliance w ith  loca l community ordinances as re ­
quired by the National Flood Insurance Program administered through 
the Federal Emergency Management Agency.
When a p ro je c t is  located w ith in  a regulated flo o d p la in  or 
regu la to ry  floodway, a de ta iled  study is  performed to  v e r ify  th a t
21
our hydraulic design is in compliance with the local regulation.
Then, a variance and/or permit is obtained from the regulating City 
or County.
I I I .  AHTD-USGS Programs:
The Arkansas Highway Department and U.S. Geological Survey 
are continually involved in cooperative e ffo rts  to improve hydrau­
l ic  related effects upon our highways and bridges.
A research project is presently under way to develop a method 
to aid engineers in adequately predicting possible scour depths at 
bridge piers and abutments throughout the State. Stream crossings 
that have a history of scour problems are being studied in conjunc­
tion with th is  project.
The USGS is also involved in updating the "Floods in Arkansas, 
Magnitude and Frequency Characteristics through 1968" report fo r 
Arkansas. The objectives of th is  report are to present updated stream 
flood peak data and to revise regional equations and graphs which en­
able engineers to evaluate ana ly tica lly  the magnitude and frequency 
of floods in Arkansas on ungaged streams.
IV. AHTD Research Project on Small Streams (TRC-87):
The Hydraulics Section is involved in an ongoing research pro­
je c t at three stream crossings to measure ra in fa ll and associated 
runoff. The subsequent data gathered at each s ite  w ill be used to 
develop hydrographs fo r use in hydrologic studies with small drain­
age areas which w ill provide more e ff ic ie n t and economic design of
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bridges and culverts conveying runoff from small to intermediate 
drainage basins.
V. Drainage Manual:
In 1983 the Hydraulics Section published an updated drainage 
manual which is intended to be an operational handbook fo r the 
Department's use in hydrologic analysis and hydraulic design. The 
rapid development o f technology in the fie ld s  of hydrology and hy­
draulics necessitates a continual updating of our procedures. A 
copy of the drainage manual is available from the Hydraulics Section.
VI. H istorica l High Water Information:
In February, 1983 the Arkansas State Highway & Transportation 
Department in it ia te d  a program to co llec t and store h is to rica l high 
water information. This is a perpetual high water data collection 
e ffo r t  and is available fo r reference by a ll agencies. The in fo r­
mation is used by the Department to design and maintain our high­
ways and bridges. The value of a ll th is  e ffo r t  and technology can 
be seen by recent flood events.
V II. Other Hydraulic A c tiv it ie s :
The Hydraulics Section represents the Department on: The 
AASHTO Task Force on Hydrology and Hydraulics which is w riting 
highway drainage guidelines fo r the nation's hydraulic design en­
gineers, the Transportation Research Board on Hydrology, Hydraulics 
and Water Quality, and the Advisory Committee that developed a mas­
te r drainage plan fo r L i t t le  Rock.
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V III.  The Effects of the September, 1978 Flood Upon Ark. Highways: 
The flood of September, 1978 was caused by intense ra in fa ll
fo r a duration of six hours on the morning of the 13th. This flood 
was the most catastrophic on record in the Fourche Creek and Rock 
Creek Basins. Transportation was severely disrupted as many cars 
were swept away by the current and many roads were closed, includ­
ing I -30 and I -430.
The storm had a recurrence in terval of greater than 100-years. 
More than $900,000 was expended fo r flood repairs to our highways 
and bridges.
IX. The Effects of the December, 1982 Flood Upon Ark. Highways:
On December 2, 1982 a storm system moved into Arkansas produc­
ing tornadoes, severe thunderstorms and intense ra in fa ll.
(slides were shown at th is  point)
Abnormally high discharges and stages were reported at various 
locations across the State. In most cases, discharges exceeded the 
100-year recurrence in te rva l. Rainfall amounts ranged from 8-15 
inches in a 72-hour period. Many highways and bridges were over­
topped causing severe roadway and bridge damage. Several highways 
were closed due to high water and roadway damage and bridge fa ilu re . 
More than $8,000,000 was spent on flood damage repair.
Summation:
I t  is obvious there is a need fo r continued stream gagings and 
data collection with a possible expansion. Additional funds are 
needed fo r upgrading flood prone highways and bridges.
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S U M M A R Y
DEFICIENCIES: LOW YIELDS AND WATER LEVEL DECLINES
William V. Bush
Arkansas Geological Commission
Low yie lds and water level declines are major groundwater prob­
lems confronting Arkansas. Increased use and demand fo r water in a ll 
parts o f the State has made a solution to these problems a c r it ic a l 
necessity. The f i r s t  step toward a solution is to id en tify  the prob­
lem areas. Groundwater records provide the data necessary to deline­
ate these areas. This data was recently reviewed and the information 
was published in USGS Water Resources Investigation Report 85-4010, 
"Groundwater Problems in Arkansas".
The amount o f groundwater available in any section of the State 
is controlled prim arily by the geologic characteristics of the bed­
rock or sediments. In Arkansas the geologic framework is d iv is ib le  
into two major physiographic provinces: the In te rio r Highlands in 
the northwest and the Gulf Coastal Plain in the southeast. The 
groundwater conditions d if fe r  greatly in these provinces from place 
to place, as do the problems.
In the In te rio r Highlands, which include the Ouachita Mountains, 
Arkansas River Valley and the Ozark Mountains, the bedrock consists 
prim arily of sandstone, shale, limestone, dolomite and novaculite.
The groundwater typ ica lly  occurs in fractures and jo in ts  in the sand-
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stones, shales and novaculite, and in solution cavities in the lime­
stones and dolomites. However, along the Arkansas River Valley and 
along some other major streams, groundwater is present in the a llu ­
via l deposits.
Low y ie lds , less than 10 gpm, are a common problem in major 
areas of the In te rio r Highlands. Many of the low y ie ld  wells are 
shallow, less than 200 feet deep, and yie lds over 25 gpm are rather 
uncommon.
In contrast, some areas in the In te rio r Highlands do y ie ld  
quantities of groundwater. The a llu v ia l deposits which overlie the 
consolidated rocks along the Arkansas River Valley produce up to 
750 gpm and are usually less than 80 feet th ick . In the Ozark Moun­
tains the major aquifers, the Roubidoux Formation and the Gunter 
Member of the Gasconade Formation, may y ie ld  up to 500 gpm. They 
are a source of water fo r many Municipal Water Association systems. 
Depths of these units range from 500 to 3,500 feet. The major re­
charge area fo r these aquifers is in southern Missouri.
The Gulf Coastal Plain covers the southeastern portion of 
Arkansas and consists prim arily of a lternating sequences of unconsoli­
dated sand, s i l t ,  clay and gravel of Quaternary, Tertiary and Creta­
ceous age. Six major aquifer systems supply most of the groundwater 
in the Coastal Plain. Water level declines are very evident in two 
of these systems in several areas. In the Sparta Sand of the Claiborne 
Group water levels have declined in Columbia, Union, Arkansas and 
Jefferson Counties where withdrawals fo r ir r ig a tio n , municipal and
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industria l uses have fa r exceeded the recharge of the aquifer. Ex­
amples of declining water levels are 100 feet in Arkansas County,
240 feet in Jefferson County, 260 feet in Columbia County and more 
than 320 feet in Union County.
Two major areas of water level decline in the Quaternary 
aquifer system occur in eastern Arkansas. Water levels in an area 
west o f Crowley's Ridge in Craighead, Poinsett and Cross Counties 
and another area in P ra irie , Lonoke and Arkansas Counties have 
dropped as much as 60 fee t. The cause of these declines is d ire c tly  
a ttribu ted to irr ig a tio n  withdrawals that exceed recharge of the 
aquifer. The average decline is approximately 0.75 foot per year 
but records indicate that i t  has declined as much as 8 feet in one 
p a rticu la rly  dry year.
Low yie lds are characteristic in some of the aquifers in south­
west Arkansas. They include the Carrizo Sand, Wilcox Group and Mid­
way Group which are comprised predominantly of clay, fine sand and 
s i l t .
In summary, the In te rio r Highlands have widespread areas of 
low yie lds that re s tr ic t  uses requiring large volumes of ground- 
water. In contrast, there is an abundance of groundwater through­
out most o f the Gulf Coastal Plain but heavy withdrawals fo r ir r ig a ­
tio n , municipal and industria l uses have created alarming local 
water level declines in two of the major aquifers. Furthermore, wa­
te r qua lity  problems have been created by the decline in water levels
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in some areas. As groundwater use increases and as withdrawals con­
tinue to exceed recharge, water level declines w ill increasingly a f­
fect the water quantity and qua lity  and adversely influence the devel­
opment of groundwater dependent economies in the Gulf Coastal Plain.
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S U M M A R Y
GROUNDWATER CONTAMINATION PROBLEMS
Dr. Ralph Desmarais
Arkansas Department of Pollution Control & Ecology
( I llu s tra t iv e  slides were shown)
Arkansas is in the process of developing a strategy fo r the 
protection of its  groundwater against contamination. The develop­
ment of that strategy involved the examination of the sources and 
occurence of groundwater contamination. Some sources are simple, 
such as, waste sp illed  or dumped close to the water table that 
leaches contamination into the groundwater. Other sources are more 
complex, harder to id en tify  and react with the groundwater in ways 
that are d i f f ic u l t  to predict. The four major sources of contamina­
tion in Arkansas are: (1) contamination from human and animal 
wastes, (2) from municipal, industria l and o il f ie ld  wastes,
(3) sa lt water in trusion, (4) mineral extraction a c tiv it ie s .
In addition, any of man's a c tiv it ie s  that in te rfere  with the 
natural recharge process can contribute to contamination by reducing 
the available fresh water and enhancing the amount of available con­
taminated runoff - urbanization, road construction and agricu ltura l 
a c tiv itie s  are the major examples.
Groundwater contamination is fa r more d i f f ic u l t  to clean or 
contain than surface contamination. Most state protection stra te-
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gies focus on prevention a c tiv it ie s  involving zoning requirements, 
aquifer protection programs, s itin g  regulations, e tc ., on the grounds 
that i t  is fa r easier and less costly to prevent the contamination 
than to clean i t  up.
Over 700,000 tons of hazardous waste were generated in Arkansas 
in 1984, the vast majority o f which was injected under ground in south 
Arkansas. Underground in jection  may be described as the purposeful 
contamination of unusable sa lt water formations fa r below the upper 
fresh water sources of drinking water. The remaining 200,000 or so 
tons were e ither treated on s ite , stored or shipped to a recycling or 
treatment center. Those generators that trea t or dispose of th e ir 
waste on s ite  are subject to groundwater monitoring regulations under 
the Resource Conservation & Recovery Act. There are 17 such sites in 
Arkansas. These sites have been mapped and those parameters that re­
vealed contamination in quantities above the standards established 
under the Safe Drinking Water Act have been published in the USGS 
Water Resources Investigation Report 85-4010, "Groundwater Problems 
in Arkansas".
Arkansas has 269 abandoned coal mines and 186 abandoned metal 
mines. Arkansas Tech at R ussellv ille  is currently conducting a 
study of the qua lity  of the water that has flooded such mines which 
w ill give us a better understanding of the effects of mineral extrac­
tion  on groundwater. The process of acid mine drainage is well under­
stood. Correcting i t  is  fa r more d i f f ic u l t .
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The extent to which agricu ltura l practices have affected 
Arkansas' groundwater is unknown. The main areas of concern are 
wastes from animal droppings, fe r t i l iz e r  applications and pesticide 
use. EPA is in the process of conducting a nationwide investiga­
tion of pesticide contamination of groundwater. Unfortunately, 
Arkansas was not included in th is  study. Nitrates have been a major 
problem fo r domestic well users in northwest Arkansas with wells 
located along fracture traces in Karst areas.
A number of contaminated sites associated with the wood process­
ing industry have turned up in the state. The chemical pentachloro- 
phenol found in the groundwater at these sites is used with creosote 
in the treatment of wood and is considered tox ic . I t  is on the EPA 
P rio r ity  Pollutant l i s t .
In terms of volume, the state 's largest producer o f waste is 
the o il industry which generates large quantities of sa lt water with 
every barrel of o il produced. Many s p ills  have been documented by 
the Department both above and below the ground. The most famous of 
these is in M ille r County which was the subject of an EPA study on 
the costs of cleaning up such s p ills .  The determination at the time 
was that the s p ill was too expensive to clean up. Some 7,000 disposal 
p its  associated with the o il and gas industry were iden tified  by the 
Surface Impoundment Assessment. The exact impact o f these p its  on 
groundwater is unknown but the report rates them as the most serious 
of the types of impoundments i t  addresses in terms of potential threat 
to the groundwater.
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The underground in jection of sa lt water in the o il f ie lds  has 
reduced some of the problems related to these p its  as th e ir use has 
been lim ited to back up and temporary storage. But underground in ­
jection has introduced some problems by increasing hydrostatic pres­
sure in some of the lower formations arid, thereby, increases the poten­
t ia l  fo r the upward migration of sa lt water through cracks, fau lts 
and abandoned wells.
Given the large number of sources of contamination, we are fo r ­
tunate that our drinking water is as good as i t  is . Partly, the good 
qua lity  o f our drinking water can be explained by the location of 
supply wells deep enough to avoid much of the surface contamination. 
However, some c it ie s  that have gone to deeper wells are now experienc­
ing problems stemming from overdraft and sa lt water in trusion. Un­
fortunate ly, we have had l i t t l e  experience in analyzing safe yields 
fo r our major aquifers. USGS and the University of Arkansas are cur­
ren tly  beginning to develop management models which w ill give us a 
better grip on these problems. Safe yie lds combined with adequate 
protection of our groundwater supplies are necessary to ensure good 
water fo r generations to come.
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S U M M A R Y
POTENTIAL PROBLEMS FROM HAZARDOUS WASTES
Mr. Mark Witherspoon
Arkansas Department of Pollution Control & Ecology
The most obvious, as well as the most c r i t ic a l ,  problem with 
hazardous waste land disposal is the potential introduction of waste 
material into underground sources of drinking water. Site specific 
examples of groundwater contamination due to past disposal practices 
are available in Arkansas and common in th is  country as a whole. Pre­
arranged deterrents to potential groundwater contamination problems in 
the form of proper fa c i l i t y  hydrogeologic s it in g , advanced engineering 
design, and regulatory requirements have advanced exponentially over 
the las t few years. However, the fin a l indicator of the presence of 
groundwater contamination at a specific fa c i l i t y  depends on the a b il­
i ty  of a set of monitoring wells to provide a true representative 
sample of po ten tia lly  effected groundwater.
The problem with sampling fo r groundwater qua lity  is that cur­
rent laboratory detection capab ilities exceed the a b il i ty  of most 
monitoring systems to produce an unbiased representative sample of 
groundwater qua lity . For example, a waste component reported in quan­
t i t ie s  as low as a part per b i l l io n ,  could easily be the resu lt of 
contaminants introduced during well construction, or sample re tr ie va l.
Of course, the resu lt of these potential problems is the fact
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that groundwater contamination may be indicated where i t  is actually 
not present - or more s ig n ific a n tly , groundwater contamination may 
not be indicated were i t  is indeed occurring.
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S U M M A R Y
SURFACE WATER QUANTITY
Mr. Terrance Lamb 
U.S. Geological Survey
The collection of surface water data is a major a c tiv ity  of 
The Water Resources Division of the Geological Survey. These data 
are collected in cooperation with State and local governments and 
other Federal agencies. In 1985 the Survey operated approximately 
8,000 daily-discharge stations through the nation, some with records 
that extend back to the beginning of the century.
The program of surface water investigations by the Survey in 
Arkansas has grown through the years as Federal and State in terest 
in water resources has increased. The Arkansas o ffice  of the Survey 
began collecting surface water data as part of a statewide water re­
sources program, with the establishment o f 8 gaging stations in 1927. 
Prior to th is  time discharge records were prim arily to evaluate the 
hydroelectric power potential o f the streams. The program expanded 
to 16 gaging stations by 1930 and then declined during the early 
years of the depression as State cooperation was reduced. Disas­
trous floods in the mid-1930's and the resulting emphasis on flood 
control brought out the great need fo r basic streamflow data in the 
State. During the las t ha lf decade, much of the Survey’ s present 
program of streamflow stations was established in cooperation with
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State agencies and the U.S. Army Corps of Engineers. The war e ffo r t 
during the 1940's curta iled expansion of the program but during the 
period 1950-1970, there was a gradual increase in the program. By 
1970 the Survey was operating 76 daily-discharge surface water sta­
tions in Arkansas.
Based on our evaluation of the Arkansas D is tr ic t surface water 
program in consultation with cooperating agencies, 20 daily-discharge 
stations were discontinued at the end of the 1970 water year. Of 
these, 9 stations were converted to pa rtia l record stations at the 
request o f cooperators. The pa rtia l record station operation con­
s ists o f a stage record and occasional discharge measurements in o r­
der to maintain the high end of the rating curve or, in some cases, 
a complete rating curve. Annual peaks only are published fo r the 
pa rtia l record stations.
During the period 1971 through 1978 a few daily-discharge sta­
tions were e ither dropped or converted to pa rtia l record stations. 
Beginning in the 1979 water year, the Survey took over operation of 
8 additional daily-discharge stations at the request o f the L it t le  
Rock D is tr ic t Corps of Engineers. By the 1982 water year, most of 
these additional stations had been converted to pa rtia l record sta­
tions due tore-evaluation of data needs, both by the Corps and the 
Survey.
Surface water quantity or stage information is now available 
fo r 252 sites in Arkansas. Of these, 48 are USGS operated da ily -
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discharge s ta tio n s , 19 are operated by other agencies and 23 are d is ­
continued da ily-d ischarge  s ta tions  form erly operated by the USGS. The 
remaining s ite s  have e ith e r peak-stage record, a stage-discharge re la ­
tion sh ip  a va ila b le , or both.
Inform ation from these s ta tio ns  is  used (1) to  define curren t 
hydrologic cond itions , sources, sinks and fluxes o f water through 
regulated or unregulated hydrologic systems, (2) in  developing re ­
g io n a lly  trans fe rab le  in form ation about the re la tio n s h ip  between ba­
s in  c h a ra c te r is tic s  and streamflow, (3) fo r  the v e r if ic a t io n  or en­
forcement o f e x is tin g  compacts, court decrees, o r water laws, (4) fo r  
the planning and design o f p ro jec ts  such as dams, le v e ls , navigation 
systems, water supp lies, roads, bridges, i r r ig a t io n  canals, and waste 
treatment f a c i l i t i e s ,  (5) in  making operation decisions in  the d a ily  
operation o f re se rvo irs , hydro-power generation, or d ive rs ions , (6) 
fo r  flood  fo re ca s tin g , (7) fo r  computing loads fo r  water q u a lity  
m onitoring, and (8) fo r  o ther uses such as recrea tiona l needs.
The Survey c o lle c ts  streamflow in form ation by the methods des­
cribed in  USGS Water Supply Paper 2175.
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S U M M A R Y
SURFACE WATER QUALITY
Mr. Charles T. Bryant 
U. S. Geological Survey
C o llec tion  o f surface water q u a lity  data in  Arkansas was begun 
on a continual basis in  October, 1945 when 6 d a ily  sampling s ta tions  
were established by the U.S. Geological Survey in  cooperation w ith  
the U n ive rs ity  o f Arkansas. The 6 s ta tio ns  were located on the St. 
Francis River a t Marked Tree, the White River a t Beaver and a t Bates- 
v i l l e ,  the Black River a t Black Rock, and the Arkansas River a t Van 
Buren and a t L i t t le  Rock. Samples co llec ted  from these s ta tions  were 
analyzed fo r  s p e c ific  conductance, pH, s i l ic a ,  iro n , calcium , magne­
sium, sodium, potassium, bicarbonate, s u lfa te , ch lo r id e , f lu o r id e , 
n it r a te ,  dissolved s o lid s , and hardness.
In 1956 the U.S. Geological Survey and the Arkansas Geological 
Commission became cooperators fo r  water q u a lity  data c o lle c t io n . In 
the years fo llo w in g  several s ta tions  were added to  the network and 
several constituen ts were added to  the a n a ly tica l schedule. The ad­
d it io n a l constituen ts  included n u tr ie n ts , suspended sediment, tu r ­
b id it y ,  c o lo r, dissolved oxygen, chemical and biochemical oxygen de­
mand, boron, detergents, bacteria  and t r i t iu m .  In 1968 there was a 
s ig n if ic a n t increase in  constituen ts added to  the a n a ly tica l schedule. 
Included were the fo llo w in g  minor elements; aluminum, barium, b e ry l-
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lium , boron, cadmium, chromium, co b a lt, copper, ga lliu m , germanium, 
lead, lith iu m , molybdenum, n ic k e l, rubidium , s i lv e r ,  s tron tium , t in ,  
tita n iu m , vanadium, z in c , and zirconium .
The pestic ides a ld r in ,  DDD, DDE, DDT, d ie ld r in ,  endrin , hepta- 
c h lo r, heptachlor epoxide, and lindane were also added in  1968. By 
1973 pestic ide  analyses also included chlordane, toxaphene, para­
th io n , methyl pa ra th ion, and d iazinon.
The radiochemical constituen ts  uranium, radium, gross alpha and 
gross beta were also added to  the a n a ly tic a l schedule in  1968.
In 1985 the U.S. Geological Survey was operating 120 surface 
water q u a lity  s ta tio n s . A na ly tica l schedules genera lly  included com­
mon constituen ts  (in o rg a n ics ), n u tr ie n ts  and trace metals.
In 1968 the Arkansas P o llu tio n  Control Commission (now the 
Arkansas Department o f P o llu tio n  Control & Ecology) established a 
surface water q u a lity  network cons is ting  o f 60 s ta tio n s . The a n a ly t­
ic a l schedule fo r  these s ta tio ns  included temperature, iro n , manganese, 
calcium , magnesium, s u lfa te , ch lo r id e , n i t r a te ,  phosphate, residue on 
evaporation, hardness, calcium carbonate, to ta l a lk a l in i t y ,  conductiv­
i t y ,  pH, c o lo r, tu r b id i ty ,  BOD, dissolved oxygen and bac te ria . Addi­
t io n a l constituen ts  added by 1974 included the trace metals arsen ic , 
cadmium, chromium, copper, lead, mercury, n icke l and z in c , and the 
pestic ides a ld r in ,  DDD, DDE, DDT, heptachlor, heptachlor epoxide, 
methoxychlor, methyl parathion, and toxaphene.
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In 1985 the Arkansas Department o f P o llu tio n  Control & Ecology 
operated a m onitoring network o f 110 s ta tio n s . The a n a ly tica l sched­
ule genera lly  included the constituen ts shown in  the previous para­
graph but w ith  fewer pes tic ides .
A large data base on water q u a lity  ex is ts  fo r  major reservo irs  
in  Arkansas. In the 1960's the L i t t le  Rock D is t r ic t  Corps o f Engi­
neers began measuring on a regu la r schedule dissolved oxygen, tem­
perature and s p e c ific  conductance in  v e r t ic a l p ro f ile s  in  Beaver,
Table Rock, Bull Shoals and Norfork Lakes. In 1974 the U.S. Geological 
Survey began operating lake s ta tions  fo r  the Corps. The network now 
consists o f 87 s ta tio ns  on 15 lakes in  the White, Arkansas and Red 
River basins.
A ll surface water q u a lity  data co llec ted  by the U.S. Geological 
Survey are published in  annual data reports and are stored in the 
USGS data storage and re tr ie v a l system known as WATSTORE. These data 
are re tr ie v a b le  from WATSTORE as ta b le s , graphs, s ta t is t ic s  and p lo ts . 
A ll surface water q u a lity  data stored in  WATSTORE are also stored in 
STORET, the data storage and re tr ie v a l system operated by the U. S. 
Environmental P rotection Agency.
Surface water q u a lity  data co lle c ted  by the Arkansas Department 
o f P o llu tio n  Control & Ecology are stored in  STORET. These data are 
also stored in  WATSTORE fo r  p u b lica tio n  in  the annual "Water Data Re­
po rt fo r  Arkansas". Data from both WATSTORE and STORET are ava ilab le  
to  the p u b lic .
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A dd itiona l surface water q u a lity  data have been co lle c ted  by 
U n ive rs itie s  and other State and Federal agencies. U n ive rs itie s  c o l­
le c tin g  surface water q u a lity  data include the U n ive rs ity  o f Arkansas 
a t F a y e tte v ille , a t M on tice llo  and a t L i t t l e  Rock, Arkansas Tech 
U n iv e rs ity , and Ouachita B ap tis t U n ive rs ity . Other State agencies 
c o lle c t in g  data include the Game and Fish Commission and the Arkansas 
Department o f Health. Other Federal agencies c o lle c t in g  data are the 
Memphis and Vicksburg D is tr ic ts  o f the Corp o f Engineers, and the Soil 
Conservation Service.
Much o f the data co lle c te d  by the various agencies are stored in 
STORET and are a va ila b le  to  the p u b lic .
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S U M M A R Y
GROUNDWATER QUANTITY
Mr. A. H. Ludwig 
U.S. Geological Survey
Groundwater plays a major ro le  in  s a tis fy in g  the water supply 
needs in  Arkansas. In 1981 groundwater sources provided 81%, 4,300 
m il l io n  gallons per day, o f the S ta te 's  water fo r  i r r ig a t io n ,  pub lic  
and ru ra l supplies and in d u s tr ia l uses. The la rg e s t withdrawal o f 
groundwater is  fo r  i r r ig a t io n ,  mostly in  the eastern p a rt o f the 
S tate. Nearly a l l  municipal and in d u s tr ia l supplies in  the south­
eastern h a lf o f the State are obtained from groundwater sources. One 
h a lf o f the population o f the State depends on groundwater as a 
source o f d rink ing  water.
The occurrence o f groundwater is  associated c lose ly  w ith  rock 
type. Groundwater is  abundant in  the southeastern pa rt o f the State 
which is  underla id by h igh ly  p roductive , th ic k ,  a l lu v ia l deposits 
and by gently  dipping unconsolidated and semiconsolidated sediments. 
Groundwater is  less abundant in  the northwestern h a lf  o f the State 
which is  underla id by genera lly  low y ie ld in g  consolidated rocks con­
s is t in g  o f lim estone, do lom ite , sandstone and shale.
The a v a i la b i l i t y  o f groundwater data is  c lose ly  associated 
w ith the areas o f greatest groundwater p o te n tia l. Most data is  from 
w ells in  the Coastal P la in sediments where groundwater is  the predom
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inan t source o f supply. The data, p r im a rily  water use and water 
le v e ls , are co lle c ted  as pa rt o f county or areal studies conducted 
by Survey personnel in  connection w ith  cooperative programs w ith 
the Arkansas Geological Commission, the Corps o f Engineers or the 
Arkansas Soil and Water Conservation Commission.
Groundwater data are also being co lle c ted  by other State and 
Federal agencies. Soil Conservation Service personnel in  the 27 
counties in  eastern Arkansas are c o lle c t in g  data on pumping p lan t 
e ff ic ie n c y , i r r ig a t io n  a p p lica tio n  ra tes and s p e c if ic  capacity 
in  add ition  to  provid ing  water leve l measurements fo r  the Geological 
Survey's analysis o f the a l lu v ia l a q u ife r. The Soil and Water Con­
servation Commission is  c u rre n tly  c o lle c t in g  and s to r in g  ground- 
water use data v o lu n ta r ily  submitted by water users in  the S tate. 
Soil and Water is  also a ss is tin g  the Geological Survey in  c o l le c t ­
ing withdrawal data from in d u s tr ia l users as pa rt o f the Survey's 
water use program. The Arkansas Department o f Health receives w ith ­
drawal data from each o f the municipal and ru ra l water systems in 
the S ta te .
Data co lle c ted  by Survey and other Federal and State agencies 
are being processed fo r  placement in to  one o f the appropria te auto­
mated data systems, e ith e r in  the Survey's computer, or the State 
agencies own system. C urrently  there are more than 10,000 well en­
t r ie s  in  the Survey's Groundwater S ite  Inventory (GWSI) data base. 
These inc lude , in  p a rt, in form ation on w ell con s truc tio n , y ie ld ,  
water le v e ls , and geologic source u n it .  Water use data from 1980
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through 1984 are located in  the National Water Use Data System
(NWUDS) Data Base. In the fu tu re , water use data w i l l  be co llected  
and stored on a s ite -s p e c if ic  basis and w i l l  reside in  the State- 
leve l Water Use Data Base (SWUDS). The data in  any o f the systems 
is  re tr ie v a b le  in  a v a r ie ty  o f forms, inc lud ing tab les or p lo ts , 
to  meet the s p e c ific  requirements o f the users.
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S U M M A R Y
AVAILABILITY AND ACCESSIBILITY OF GROUNDWATER QUALITY DATA
Mr. E. E. Morris 
U.S. Geological Survey
An inventory was made o f a l l  sources o f groundwater q u a lity  
data w ith in  the State o f Arkansas. A questionnaire was mailed to  
State and Federal agencies and U n ive rs itie s  who have co llec ted  
groundwater q u a lity  data. The responses are given in  Table 1.
The Table represents the predominance o f ava ilab le  data w ith in  
the State o f Arkansas. The data w i l l  be used to  assess the con­
d it io n  o f groundwater in  the S tate , and to  guide fu tu re  de ta iled  




GROUNDWATER QUALITY DATA AVAILABILITY FOR ARKANSAS
1Type o f Analyses
Type o f 
Data Storage
Is Data 
Availab le  
to  Public
C o llec ting
Agency
Number 










In s t itu te  
(Ark. Tech 
U n ive rs ity )
19 X X X X
Ark. Dept. o f 
P o llu tio n  
Control & 
Ecology
39 X X X X X X
Dept. o f 




2200 X X X X X X X
U n ive rs ity  
o f Arkansas 
Soil Lab.
3,538 X X X X
U.S. Geolo­
g ica l Survey
3,415 X X X X X X X
A rk . Dept. Health 854 X X X X X X X
1
2 Estimated.
Not a l l  types o f ind ica ted analyses are performed on each w ell water sample.
S U M M A R Y
GROUNDWATER QUALITY MONITORING
Mr. T. B. S p ru ill 
U.S. Geological Survey
State and Federal water management agencies are c o n tin u a lly  
faced w ith  questions concerning the adequacy o f the q u a lity  o f 
groundwater supplies fo r  various uses. Public agencies also must 
o ften determine whether groundwater in  a p a r t ic u la r  area has been 
or w i l l  be contaminated by some land-use p rac tice  to  perm it appro­
p r ia te  regu la to ry  ac tio n . Groundwater q u a lity  m onitoring networks, 
i f  c a re fu lly  designed, can provide the necessary data fo r  e ffe c tiv e  
decision making.
Groundwater q u a lity  m onitoring is  conducted a t three d if fe re n t 
le v e ls . po in t m onitoring is  defined as m onitoring chemical q u a lity  
changes through time or v e r t ic a l space in  a s ing le  w e ll.  Local mo­
n ito r in g  is  defined as m onitoring o f chemical q u a lity  changes in  
several w ells  (a well network) in  an area o f less then ten square 
m iles. Regional m onitoring is  m onitoring o f chemical q u a lity  changes 
in  several w ells  located in areas o f more than ten square m iles.
State agencies, which are responsible fo r  regu la ting  and p ro tec ting  
pub lic  water supplies over a large area, can e f fe c t iv e ly  provide data 
to  answer questions concerning baseline groundwater q u a lity  informa­
tio n  and questions about possib ly d e te rio ra tin g  groundwater q u a lity
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using regional m onitoring networks.
Data from regional groundwater q u a lity  m onitoring networks can 
be used to  describe chemical q u a lity  c h a ra c te r is tic s  o f water from 
supply w e lls  in  each o f the id e n t if ie d  groundwater regions fo r  any 
selected year fo r  which data are a va ila b le . The mean or median 
o f regional concentrations o f a selected chemical cons tituen t can 
be used as an estim ate o f ty p ic a l c h a ra c te r is tic s  in  each area. Es­
tim ates o f the percentage o f w e lls  which do not meet use standards 
in  selected areas can also be derived from the network. The reg­
u la to ry  agency can con tro l the known amount o f p rec is ion  o f these 
estimates by a lte r in g  sample s ize - th is  f l e x ib i l i t y  allows changes 
to  be made in  the network as the needs o f the p a r t ic u la r  agency 
change.
Groundwater q u a lity  data from regional groundwater q u a lity  mo­
n ito r in g  networks can be used to  te s t hypothese about groundwater 
contamination in  lo ca lize d  areas. To demonstrate th is  use, ch lo ­
r id e  data from w ells  in  the Burrton area in  Kansas compared w ith 
ch lo ride  data from w e lls  in  the Kansas network in  th a t groundwater 
region ind ica te  s ig n if ic a n t ly  la rg e r concentrations in  the Burrton 
area. In comparing n it ra te  data from w ells  in  north cen tra l Kansas 
to  w ells  in the Kansas network, there were no s ig n if ic a n t d i f f e r ­
ences in  concentrations.
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Groundwater q u a lity  data from regional groundwater q u a lity  net 
works can also be used to  evaluate annual o r long-term  changes in 
regional chemical q u a lity  due to  possible land-use or c lim a tic  fa c ­
to rs . Again, using Kansas network data as an example, app lica tio n  
o f a Spearman-Rho te s t fo r  trend o f n it ra te  concentrations in  ne t­
work w ells  located in  northeastern Kansas sampled between 1978 and 
1983, ind ica ted no s ig n if ic a n t trend . Analysis o f the same data 
using a non-parametric analysis o f variance te s t ind ica ted  no s ign i 
f ic a n t d iffe rences in  any s ing le  year fo r  the same period.
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S U M M A R Y
EXPANDED STREAM-GAGING NETWORK
Mr. Braxtel L. Neely, J r .
U.S. Geological Survey
The stream-gaging network fo r  Arkansas is  designed to  c o lle c t 
s u f f ic ie n t  data throughout the State to  s a t is fy  immediate and fu tu re  
needs fo r  water data. Stream-gaging networks must be co n tin u a lly  
evaluated to  see i f  data are being co llec ted  where needed. The ne t­
work should be m odified when data are needed a t new s ite s  or when 
s u f f ic ie n t  data have been co lle c te d . Other reasons fo r  modifying a 
stream-gaging network are an tic ipa te d  growths or declines in  popu­
la t io n  and water use in  some p a r t ic u la r  areas.
The primary ing red ien t fo r  modifying a network is  to  keep 
abreast o f the ongoing and planned a c t iv i t ie s  in  the S tate . Verbal 
contact w ith  loca l and State o f f ic ia ls  is  e sse n tia l. These a n t ic i­
pated a c t iv i t ie s  may generate new water needs which is  an input to  
keeping the stream-gaging network cu rren t.
Data co llec ted  a t streams is  usua lly  fo r  one or two purposes; 
(1) an immediate need a t a s p e c ific  s ite  and (2) general inform ation 
th a t describes the area. Stream-gaging networks are usua lly  designed 
to  c o lle c t in form ation th a t describes an area. Id e a lly , we need data 
a t a l l  po ints along a stream, but th is  is  not fe a s ib le . The number 
o f gages to  be in s ta lle d  is  an economics problem. The need fo r  the
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data must be weighed against the cost fo r  c o lle c t in g  the data. Most 
o f the data needed a t a s ite  depends on long-term  trends. Therefore, 
data needs must be an tic ip a te d  fa r  enough in  advance so th a t data w i l l  
be ava ila b le  when the need a rise s . These an tic ipa te d  needs must be 
considered when modifying a stream-gaging network.
The type o f data needed must be considered in  designing the ne t­
work. Average annual flow  and flow  duration data, fo r  example, must 
be co lle c te d  a t continuous gaging s ta tio n s . A continuous record o f 
the flow  is  needed. Peak discharge data which is  used in  flood  f r e ­
quency analysis can be co lle c te d  a t c rest-s tage gages. These c re s t- 
stage gages record only the peak stage. Low flow  s ite s  usua lly  do 
not requ ire  a physical gage except fo r  a reference po in t where stages 
can be determined. Low flow  data are co lle c ted  by making about f iv e  
discharge measurements per year. Some o f the data have m u ltip le  pur­
pose use. For example, peak discharges are co lle c ted  a t continuous 
gaging s ta tio ns  as w ell as crest-s tage  gages.
Rapidly growing water needs have generated a need fo r  informa­
t io n  about the q u a lity  o f water. Our NASQAN s ta tio ns  are pa rt o f a 
nationa l network on streams throughout the United States to  show pre­
sent water q u a lity  cond itions and trends on selected streams. Arkansas 
has 13 NASQAN s ta tio ns  in  th is  network. S im ila r data are co llec ted  on 
other streams throughout Arkansas. The q u a lity  o f the water in  the 
streams must be re la ted  to  streamflow. Therefore, streamflow data 
must be ava ilab le  a t a l l  q u a lity  o f water s ta tio n s .
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The stream-gaging network in Arkansas has changed many times 
since i t  was f i r s t  designed. Changes in the network w ill continue 
to occur as water data needs change. Keeping abreast o f ongoing 
and future a c tiv it ie s  in the State is essential to co llecting the 
proper water data to support reasonable water management decisions.
52
S U M M A R Y
HAZARDOUS WASTE SITE MONITORING
Mr. Jim Rigg
Arkansas Department o f Pollution Control & Ecology
Under the Resource Conservation and Recovery Act CFR Subpart F, 
part 265.90, addresses groundwater monitoring at hazardous waste fa ­
c i l i t ie s .  Under these regulations the owner/operator of a surface 
impoundment, la n d f i l l ,  or land treatment fa c i l i t y  managing hazardous 
waste is required to implement a groundwater monitoring program ca­
pable of determining the fa c i l i t ie s  impact on water qua lity  in the 
uppermost aquifer underlying the fa c i l i t y .
Determination of the effectiveness of groundwater monitoring 
systems requires an investigation into the subsurface conditions in 
the area of the waste management fa c i l i t y .  The nature of ground- 
water system evaluation requires that subsurface data, including 
physical and hydrogeologic character of the underlying materials, 
as well as construction of the monitoring system components, be 
examined.
One of the purposes of the part 265 regulations was to prepare 
fa c i l i t ie s  fo r perm itting. The Environmental Protection Agency as­
sumed that data from detection and assessment monitoring under Part 
265 would id en tify  fa c i l i t ie s  that had contaminated groundwater.
The data would serve as the foundation fo r developing the ground-
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water information required to be submitted with the fa c i l i t ie s  haz­
ardous waste permit applications.
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S U M M A R Y
WATER DATA NEEDS RELATING TO AGRICULTURAL NON-POINT 
SOURCES OF POLLUTION IN ARKANSAS
Mr. Donald Ray Linder 
Soil Conservation Service
Row-cropped farmland and confined animal wastes are the two ma­
jo r  non-point sources of agricu ltura l pollutants in Arkansas. In 
1982, average annual so il loss rates on cropland averaged 5 tons per 
acre, and 3,304,900 acres eroded at rates exceeding those necessary 
to protect the long-term productiv ity o f the so il resource base 
(SCS 1982). This average cropland erosion rate is 50 to 100 times 
greater than that which occurs on forest land on s im ilar so ils . The 
results o f these relationships on water qua lity  is observed through­
out eastern Arkansas where cropland often comprises 70 to 90 percent 
of smaller watersheds. Surface waters from such areas are typ ica lly  
highly turb id  and nutrient-enriched, and pesticides are commonly de­
tected in sediments and fish  flesh (ADPC&E 1984).
During 1982, confined animal operations in a 22 county area of 
western and central Arkansas produced about 3,950,000 tons of fresh 
wastes (SCS unpublished data). Following storage and handling, these 
wastes contained 43,100 tons of nitrogen and 20,800 tons of phos­
phorus available fo r land application. The greatest concentrations 
of animals are located in Benton, Washington, Carroll and Hempstead 
counties where more than 2 tons of both nitrogen and phosphorus are
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produced per square mile o f to ta l surface area. Of pa rticu la r con­
cern are animal concentrations in portions of Benton, Washington, 
Carroll and Madison counties where carbonate rock te rra in  results 
in both ground and surface waters being extremely susceptible to 
po llu tion . Water qua lity  data from th is  northwest corner of the 
State reveal elevated levels o f nutrients and pathogenic bacteria 
indicators (ADPC&E 1984, Cox 1980, MacDonald et al 1975, Ogden 1979, 
Terry et al 1984, Wagner et al 1976).
Water data needs pertaining to non-point source agricu ltura l 
po llu tion  in Arkansas are summarized as follows:
(1) Continuation of long-term water qua lity  monitoring data 
co llection - Such data w ill continue to id e n tify  trends in ag ricu l­
tura l po llu tants. In addition, continual updating of analytical 
techniques and monitoring programs are necessary to provide early 
detection of impacts of newer agricu ltura l chemicals on the aquatic 
environment.
(2) Establishing the v a lid ity  of predictive models to local 
conditions w ith in Arkansas - Water qua lity  models such as the CREAMS 
model (ARS 1980) have been developed to predict impacts o f various 
agricu ltu ra l management systems on sediment, pesticide and nutrient 
transport. Irv ing and Associates (1985) found that results of the 
CREAMS model compared well to water qua lity  sampling data collected 
in the Old Town Lake Watershed, Jackson County, Arkansas. Similar 
studies are needed in other physiographic regions of Arkansas to 
determine the a p p lic a b ility  of such models to localized conditions.
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Where needed, modifications of such models should be made to provide 
more accurate predictive capability  of the impacts of agricu ltura l 
a c tiv itie s  on both surface water and groundwater.
(3) Formulating methodologies fo r re la ting water qua lity  im­
provements into measurable increases in beneficial uses - Water qual­
ity  models can be used to predict measurable changes in water quality 
parameters as a resu lt of changes in agricu ltura l management systems. 
However, methodologies are needed whereby changes in water quality 
parameters can be further used to measure specific levels o f increases 
in recreational, municipal, industria l and agricu ltura l uses. This 
capability  w ill fa c ilia te  benefit-cost analyses as needed fo r water 
resource planning a c tiv it ie s .
(4) Further research to determine animal waste a c tiv itie s  that 
cause surface water and groundwater problems - Potential sources of 
excessive nutrient transport include high land application rates of 
manures, waste storage fa c i l i t ie s ,  confined animal holding areas, 
manures applied to flood-prone lands, dead animal disposal and d i­
rect deposit of wastes by livestock wading in streams. More research 
is needed to establish the exact cause of elevated levels o f nutrient 
transport. This is especially true where n itra te  and bacterial lev­
els exceed public health standards.
(5) Further research on nutrient levels and nutrient reactions 
of animal manures - Much of the data re lied on to determine applica­
tion rates of manures have been collected at d iffe ren t lo ca litie s  
throughout the United States. Localized data on nutrient content
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of certain types of animal wastes have been collected through the 
Soil Testing and Research Laboratory at the University of Arkansas 
at Fayetteville . However, inventories conducted by the SCS reveal 
numerous combinations of types of animal wastes, kinds of waste 
holding fa c i l i t ie s  and variable waste holding periods ranging from 
one day to one year. A comprehensive e ffo r t  to establish localized 
nutrient levels fo r a ll s ituations needs to be undertaken. Such an 
e ffo r t  w ill need to be constantly updated as management conditions 
such as feeding rations change. Also, localized research on n itro ­
gen mineralization rates, v o la tiliz a tio n  losses and proportions of 
to ta l nitrogen immediately available to plants needs to be conducted.
(6) Monitoring of water qua lity  impacts o f long-term applica­
tion  of phosphorus at rates exceeding plant requirements - At pre­
sent, manure application rates are based on nitrogen requirements
of the plant. This method often results in phosphorus being applied 
in amounts which are too great fo r plants to u t i l iz e .  The long­
term impacts of continual excessive application of phosphorus are 
not well established. Therefore, fu rther research is needed.
(7) Studies to determine the water qua lity  impacts o f animal 
waste application on d iffe re n t so ils  - Soil depth, texture, natural 
f e r t i l i t y  and slope vary tremendously among d iffe re n t groups of so ils 
w ithin the State. Research is needed to establish the lim ita tions of 
each group of so ils  with respect to water qua lity  impacts from animal 
waste application.
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(8) Establishment o f waste application rates which optimize 
tradeoffs between plant growth and water qua lity  impacts - Most re­
search about animal waste application has been based on the major 
objective of economically optimizing plant growth. This research 
has assumed that such optimum plant growth equates to minimize wa­
te r qua lity  impacts. Localized research w ith in Arkansas is needed 
to better establish the optimum relationships among animal waste 
application rates, plant growth, economics and water qua lity  impacts. 
Such research should be localized w ith in regions of Arkansas to ac­
count fo r the many variations in s o ils , types of wastes and ra in ­
fa l l  quantities and d is tribu tion s .
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S U M M A R Y
ARKANSAS MATER RESOURCES RESEARCH NEEDS 
Dr. Leslie E. Mack
Arkansas Water Resources Research Center
As th is  conference has demonstrated, there are a wide range of 
missions, responsib ilities and ju risd ic tion s  among the various Fed­
e ra l, State and local agencies concerned with water resources. The 
Fayetteville campus, as the primary land grant University in the 
State, is charged under the Water Resources Research Act of 1984 
(P.L. 98-242) to conduct basic and applied research in a ll areas of 
water interests w ithin the State. We are strongly encouraged to 
cooperate with any College or University w ith in the State which 
shows an in te rest and competence to conduct research. Inherent with 
the program is the development of a cadre of water experts in various 
fie ld s  from th e ir a c tiv itie s  as principal investigators. As a b u ilt -  
in bonus, the research program fo r the past 21 years has helped to 
tra in  several hundred students in Arkansas.
Research Needs - To discuss research needs alone without putting 
them in perspective may appear to the reader that the State has more 
water problems than solutions. That is not the case. We are blessed 
with abundant surface and groundwater supplies most of the time in 
most places, but we also have some problems. Some of these problems 
are getting worse and cannot be ignored. Other problems are in the 
making and can be prevented with understanding and action.
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The Technical Advisory Committee fo r the Arkansas Water Resources 
Research Center is comprised of representatives of the water in te res t­
ed Federal and State agencies, academia and p ro f it  and non-profit o r­
ganizations. This Committee has lis te d  a ll o f the s ign ifican t water 
problems and research needs that i t  has id e n tifie d . A newly revised 
l i s t  w il l be available early next year (1986). Thus, the Committee 
members determine what subjects need research and in what areas of 
the State they ex is t. The researchers then respond to the requests 
of the operational agencies. The Committee members rank the research 
proposals in the order of th e ir  importance.
Our research needs can be grouped into general areas of concern. 
They are: Ground Water, Surface Water, Water Quality, Data Bases, Wa­
te r Resources Management, Economics and Law.
These research areas are s im ilar to the basic foundation blocks 
fo r water mangement which include science and engineering, economics, 
law, adm inistration, public awareness and environmental concerns.
More sp e c ifica lly , we are try ing  to emphasize research on our 
major problems. These include studies of a lte rnative methods fo r con­
junctive use of surface and ground water, propose management tech­
niques fo r an aquifer that is being mined, such as the a llu v ia l 
aquifer in the Grand P ra irie , the effects and fate of sa lt in ag ri­
cu ltura l so ils , scheduling of ir r ig a tio n  water, trace levels of pesti­
cides in ground water, heavy metals in Beaver Reservoir tr ib u ta r ie s , 
costs and benefits of so il erosion contro l, chemistry of Ozark Moun-
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ta in  springs, and in s titu tio n a l arrangements and financing a lterna­
tives fo r state and local water programs, ju s t to name a few.
In the fu tu re , we w il l  need more work on the follow ing subjects: 
Effects o f ag ricu ltu ra l and forest practices on water resources; Den­
drochronology to determine ancient streamflow records; Estimating sur­
face and ground water po llu tion  from land application of poultry and 
hog l i t t e r ;  Solutions to septic tank problems; Effects o f flooding 
on water qu a lity  in Beaver Reservoir; Conjunctive use water manage­
ment techniques; Analysis o f water u t i l i t y  rates; Water qua lity  varia­
tions in the Arkansas River; Water law; In s titu tio n a l arrangements; 
Financing of water pro jects; Public awareness of water resources; 
Environmental effects from water resources pro jects; Ground water 
recharge, and possible re h a b ilita tio n  of ground water reservoirs, 
fo r openers.
Summation - The Arkansas Water Resources Research Center serves 
as a research arm fo r the Federal and State agencies as well as p r i­
vate organizations. The Center also administers the Water Resources 
Research Act fo r a ll Colleges and Universities throughout the State.
Water resources research is a never-ending a c t iv ity  as the in ­
crease in population and technology also increases the competition 
fo r each clean water molecule.
Research is needed in a ll areas of water management including 
science and engineering, economics, law, adm inistration, public 
awareness and environmental concerns.
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S U M M A R Y
CURRENT LEGAL ISSUES IN ARKANSAS WATER MANAGEMENT 
Mr. John Frank Gibson
Attorney, Arkansas Soil & Water Conservation Commission
Water law in Arkansas is basically governed by the reasonable 
use theory of the riparian rights doctrine. The owners of land bor­
dering upon any r ive r has a property righ t in the waters to the ex­
tent of the reasonable use thereof upon the lands riparian to the 
stream. The theory behind the doctrine requires the water which is 
drawn from the stream to be returned to the stream. Therefore, lands 
that are outside the watershed are not considered in Arkansas to be 
riparian to the stream. Therein lies  the problem regarding in te r­
basin transfer of water from streams.
The riparian doctrine in Arkansas is clouded by the problems 
from transfers of ownership of riparian land away from the stream. 
When a person who owns, fo r example, 80 acres of land on the stream 
and conveys to another person 40 acres that is not bordered by the 
stream, that 40 acres does not carry with i t  the express reserva­
tion of riparian rights. Water rights in Arkansas under that doc­
trine  are forever decreasing and we do not know the fu ll extent of 
a ll riparian lands in the state without running an individual t i t le  
search on each piece of land bordered by a stream.
The doctrine has been modified le g is la tive ly  3 times. Act 81 of 
1957 modified tne law to permit the Arkansas Soil & Water Commission
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to make allocations among those law fully taking water from streams 
during times of shortage. The p r io r it ie s  are: (1) to sustain l i f e ,  
(2) maintain health, and (3) preserve wealth. Also, any person who 
owns riparian land may get a permit to construct a dam to impound 
surplus waters on the stream. An impoundment created by that dam 
gives the owner thereof the exclusive righ t to withdraw waters in 
storage behind the dam.
The next modification or infringement upon the riparian rights 
doctrine came about in 1969 by Act 180. In that Act the Soil & Water 
Conservation Commission was given ju risd ic tio n  over the registration 
of water diversions from streams.. Any person who withdraws water 
from streams is required under that Act to register th e ir water diver 
sion with the Commission on a form prescribed and provided by the 
Commission.
The last modification of our riparian rights doctrine was Act 
1051 of 1985. By that leg is la tion , the Legislature recognized that 
there was surplus waters in streams and i t  provides fo r interbasin 
transfer of those waters under the ju risd ic tio n  of the Soil & Water 
Conservation Commission. This Act has permitted that interbasin 
transfer of water which is lim ited to 25% of the excess waters de­
fined in that Act to be waters above and beyond the riparian rights 
and instream flows, and projected uses, in the basin. Rules and regu 
lations are in the midst of being drafted to provide fo r the proce­
dures. I f  there is any proposed interstate transfer of water, that 
proposal also has to go before the Soil & Water Conservation Commis-
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sion fo r th e ir approval. Under Act 1051 of 1985, we have not yet 
codified the area of contro lling groundwater diversions. We are 
by that act able to obtain reporting of groundwater withdrawals.
On the general applicable law pertaining to groundwater, Arkan­
sas is governed by the corre lative use doctrine which states that 
any owner of land has a rig h t to withdraw water flowing under the 
surface of his estate in any amount corre lative to the rights of 
neighboring landowners to also do likewise.
I t  is also possible that a person who has created a prio r and 
better use of the water might actually be recognized as having 
prio r appropriation rights to that water and th is  would be recog­
nized as a common law righ t of p rio r appropriation.
There is a statutory water rig h t in Arkansas that is set up by 
the Interstate Compacts. Under the Arkansas River/Arkansas-Oklahoma 
Compact, which was signed in 1971, the State of Arkansas is o b li­
gated in certain areas to permit 40% of the y ie ld  in the watersheds 
in Arkansas to flow into the State of Oklahoma. Therefore, no water 
law or code in Arkansas can in terfere with that obligation.
The other Compact is the Red River Compact between the states 
of Arkansas, Oklahoma, Louisiana and Texas, signed in 1979.
These obligations as set out in those Compacts further re s tr ic t 
the State's rig h t to enact a water code that w ill prohib it these flows 
from going out of the State.
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S U M M A R Y
CURRENT AND FUTURE SOLUTIONS TO WATER PROBLEMS
J. W. Looney
Dean, University of Arkansas School o f Law
The easiest way to see the development o f current law applicable 
to the resolution of water disputes is to consider examples of how 
con flic ts  might occur. Example 1: Two landowners have land adjoin­
ing a natural lake. One irrgates r ic e , one operates a marina. When 
a drought occurs, may the marina operator stop the rice producer from 
irriga ting?  Example 2: Two landowners own land adjoining the same 
stream. The upstream landowner dams the stream and takes water fo r 
ir r ig a tio n  purposes. Several years la te r the downstream owner de­
cides that he would also lik e  to irr ig a te  and requests that the up­
stream owner reduce usage so that an adequate amount flows downstream. 
This would require the lowering of the upstream dam. Can th is  be 
required? Example 3: Landowner owns three parcels of land along a 
stream, only one of which actually touches the water. The second 
is adjacent to the f i r s t  but does not adjoin the stream. The th ird  
parcel is close by but touches neither the stream nor e ither o f the 
other parcels. I f  the landowner chooses to irr ig a te  a ll three par­
cels, what is the resu lt i f  a downstream owner complains? Example 4: 
Two landowners pump water from wells, one fo r ir r ig a t io n , one fo r 
industry. May the industria l user be ordered to reduce pumping i f  
that use affects the supply available to the farmer?
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Under the riparian rights doctrine, as adopted and followed by 
the courts in Arkansas, each riparian landowner has a righ t to make 
reasonable use of water from an adjacent stream. The righ t to use 
water fo r s t r ic t ly  domestic purposes is superior to other uses of 
the water but a ll other lawful uses of water are equal. The right 
is lim ited by the concept of reasonableness. That is , each land- 
owner must lim it  the amount and purposes fo r the use of the water 
to what is reasonable, giving due regard to the rights of other r i ­
parian landowners. Thus, in example 1, the rights of the irr ig a to r 
and the marina operator are equal. When a drought occurs the use 
by one may be curtailed i f  i t  adversely affects the other.
Likewise, the rights of two riparian users are equal even 
though the use commences at d iffe ren t times. Thus, what is reason­
able under a given set of circumstances can only be determined a f­
ter the use has commenced. The righ t is unstable and always sub­
jec t to modification by implementation of new uses by other riparians. 
Thus, in example 2, the second landowner has an equal righ t to use 
water from the same stream and is lik e ly  to be able to require the 
upstream owner to curta il his use in order to share a reasonable 
amount of the water.
A second generally accepted restric tion  under the riparian doctrine 
is that i t  lim its  the amount of water to land that is considered to be 
riparian - that is , land adjacent to the stream. Non-riparian uses 
can be enjoined i f  such uses interfere with lawful riparian uses.
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Thus, in example 3, the landowner would be permitted to irr ig a te  the 
land which is adjacent to the stream. He could be prevented from i r ­
rigating land that neither touches the stream nor is adjacent to his 
other property i f  th is  has an adverse a ffect on other landowners. I t  
is uncertain whether he can be prevented from irr ig a tin g  his second 
parcel - the one which touches the f i r s t  but is not adjacent to the 
stream.
The concepts of the riparian doctrine have been used by courts 
to resolve disputes involving groundwater. The Arkansas Supreme 
Court spec ifica lly  adopted the reasonable use doctrine fo r ground- 
water and indicated that not only w ill the reasonableness of ground- 
water use be judged by the quantity of water used but also by the 
reasonableness of the use on the overlying land. The Court indicated 
that where two or more persons own d iffe ren t tracts o f land overly­
ing a common source of groundwater, each has a common and correlative 
rig h t to the use of the water. Each can make use of i t  as long as 
the supply is su ffic ie n t but each is en titled  to a reasonable share 
i f  the supply is so scarce that the use by one affects the supply of 
the others. Thus, in example 4, neither groundwater user has the 
primary rig h t to take a ll of the water and one user may be restricted 
in the pumping i f  i t  affects the supply of the other.
A ll of these examples il lu s tra te  one of the major critic ism s of 
the riparian doctrine - uncertainty. Adjudication is required to 
determine the rights of the parties in c o n flic t. L itiga tion  is both 
expensive and ponderous. The riparian doctrine has also been critized
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for being in flex ib le  in that i t  res tric ts  transfers from riparian to 
non-riparian land and i t  res tric ts  interbasin transfers as well. 
Lastly, the riparian doctrine is c ritized  fo r a lack of coordination 
between surface and groundwater, or fo r a lack of coordination with 
other resource management programs.
Because of these critic ism s a number of states have made changes 
in the riparian rights system, often involving permitting for certain 
types of diversion of water. Arkansas made some changes in 1969. The 
current law requires registration and reporting of diversions of sur­
face water and the Soil & Water Conservation Commission has authority 
to make allocations of surface water between registered users in times 
of shortage.
Also, under legislation passed in the 1985 leg is la tive  session, 
groundwater use is now required to be reported. In addition, the 
Soil & Water Conservation Commission was mandated to do a major study 
of water supply and demand in the State and to make a determination 
as to whether surplus or excess water exists, and which areas are c r i­
t ic a lly  short. In addition, the Commission must develop guidelines to 
evaluate any proposed transfers of water. The legislation also placed 
some restrictions on the transport use of water outside the State and 
specifica lly  requires a determination by the Soil & Water Conservation 
Commission as to whether the transfer would be in the public interest 
followed by approval of the General Assembly.
The information being developed by the Soil & Water Conservation 
Commission is probably a necessary step before major comprehensive 
changes in water legislation in Arkansas is like ly .
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S U M M A R Y
WATER RESOURCES MANAGEMENT
Mr. David Burrough
Corps of Engineers, L i t t le  Rock D is tr ic t
The geographic lim its  o f our D is tr ic t are defined as parts o f 
the Arkansas River Watershed from the Oklahoma state lin e  to Pine 
B lu ff with navigation respons ib ility  fo r the McClellan-Kerr going 
to the Mississippi River, the upper White River Watershed (above 
Georgetown), and the L it t le  River portion of the Red River Basin in 
southwest Arkansas. The other r ive r basins in Arkansas are managed 
by the Memphis and Vicksburg D is tr ic ts .
The Arkansas River Basin includes two multipurpose lakes on 
the Arkansas River, Ozark and Dardanelle, and ten other locks and 
dams and navigation pools. We also operate two small flood reduc­
tion dams, Nimrod and Blue Mountain, on tr ib u ta rie s  o f the Arkansas 
River. In the White River Basin we have one flood reduction dam, 
Clearwater, and five  multipurpose projects, Greers Ferry, Norfork, Bull 
Shoals, Table Rock and Beaver. We have four multipupose dams in 
the L it t le  River Basin in southwest Arkansas. They are, Millwood, 
DeQueen, Gillham and Dierks. We are responsible fo r the develop­
ment and operation of projects fo r navigation, flood reduction, 
hydropower, improved drainage, water supply, recreation, fish  and 
w ild life  and other uses which Congress directs.
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A major responsib ility  of the D is tr ic t is the operation and 
maintenance of the twelve locks and dams and 308 miles of channel 
that make up the McClellan-Kerr Arkansas River Navigation System. 
Probably the most important purpose of our dams and lakes in the 
White River and L i t t le  River Basins is flood control. Our twelve 
flood reduction and multipurpose projects prevented about 63.1 
m illion  dollars in damage la s t year and Federal levees in Arkansas 
prevented an additional 11.8 m illion  do llars. Total damages pre­
vented in Arkansas by these Federal projects from the time of the ir 
construction to 1985 is more than 375 m illion  do llars. Hydropower 
production is another major part of our program. Water supply stor­
age is included in Beaver, Norfork, Greers Ferry, Millwood, Dierks, 
DeQueen, Gillham, Dardanelle and Nimrod reservoirs. The L it t le  
Rock D is tr ic t has an outstanding and nationally-recognized recrea­
tion program, one of the largest and best in the Corps. Our pro­
jects have led the way to a well developed tourism industry which 
is the second largest revenue producer in Arkansas.
When we look beyond FY-86, we have numerous challenges, oppor­
tun ities and potentials fo r a substantial workload fo r the next 
several years. Some of the potentials include nine needed remain­
ing items of work on the Arkansas River navigation system, continua­
tion of work on Clearwater under the dam safety and meeting the con­
tinuing flood reduction and municipal, industria l and water supply 
needs of the LRD portions of Arkansas and Missouri.
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S U M M A R Y
WATER RESOURCES MANAGEMENT 
Mr. Fred Hoffman
Corps of Engineers, Memphis D is tr ic t
The Memphis D is tr ic t covers parts of six states: Mississippi, 
Tennessee, Kentucky, I l l in o is ,  Missouri and Arkansas. The Arkansas 
segment represents 41% of the area in the D is tr ic t and is by fa r the 
largest state segment served in both geographic area and number of 
authorized water resource projects. The 10,100 square miles in north­
east Arkansas includes a ll or parts of 22 counties.
The bulk of Memphis D is tr ic t flood control work in the state 
is pursued under the authority of the Mississippi River and Tribu­
tary project (MR&T). The following General Investigation studies are 
conducted under the MR&T program: Eastern Arkansas Region Comprehen­
sive Study, St. Francis below Wappapello Lake, AR&MO, Helena and v i­
c in ity , West Memphis in Arkansas.
After the survey (or fe a s ib ility )  study is completed and the 
project authorized and funded by Congress, the next phase of work is 
Advanced Engineering and Design (AE&D). Since considerable time may 
have passed between the completion of the fe a s ib ility  report and 
authorization by Congress, i t  is necessary to update the data and re­
affirm  the fe a s ib ility  of the authorized plan, or a lte r i t  as neces­
sary to ready the project for construction. The following MR&T pro­
jects are in the AE&D phase: L'Anquille River, Eight-Mile Creek,
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Big Creek and tribu taries (Lower White River).
The major portion of construction under the MR&T project is 
largely concentrated in the St. Francis Basin. Authorized features 
include 922 miles of channel improvements, 438 miles of levees, 3 
pumping plants, 8 flood control and diversion structures, and 1 dam 
and reservoir. The Corps is also responsible for maintenance of 
flood control features on the Mississippi River levees and St. Fran­
cis River and tribu tary projects as well as the White River back­
water levees.
In the navigation category two reports have been submitted to 
the Secretary of the Army: Helena Harbor under the MR&T project and 
White River Navigation to Batesville, Arkansas.
The D is tr ic t maintains navigable channels on both the main stem 
Mississippi and the White Rivers. Maintenance of revetments and dikes 
on the Mississippi w ill be funded with $12,534,000 in FY-86, mainte­
nance dredging on the White River up to Newport $1,073,000, and dredg­
ing to maintain the channel w ill require an additional $10,674,000.
Section 10 of the Rivers and Harbors Act of 1899 authorized 
the Corps to regulate a ll a c tiv itie s  and structures in "navigable 
waters" of the United States. In addition to the Mississippi River, 
navigable waters in the Memphis D is tr ic t area of Arkansas include 
245 miles of the White, 338 miles of the St. Francis, 22 miles of 
the Tyronza, 2 miles of L it t le  River, 6 miles of Blackfish Bayou,
12 miles of Bayou Lagrue and 8.8 miles of the L'Anquille River.
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Section 404 of the Clean Water Act quthorized the Corps to reg­
ulate the discharge of dredged or f i l l  material in the "waters of 
the United States". The "waters o f the United States" are defined as 
a ll navigable waters, those used fo r in te rs ta te  commerce and other wa­
te rs , the degradation of which could a ffe c t in te rs ta te  commerce. I t  
also includes impoundments, tr ib u ta rie s  and wetlands adjacent to any 
of the previously described waters.
The Eastern Arkansas Region Comprehensive Study is the only 
Memphis D is tr ic t  study or pro ject which includes water supply as a 
separable component. I t  is directed at solving both flood control 
and water supply problems. F e a s ib ility  studies now under way w ill 
examine the conjunctive use of both surface water and groundwater 
to meet the current and future needs o f municipal, ru ra l, in d u s tr ia l, 
a g ric u ltu ra l, commercial fisheries and instream users in a 24 county 
area of Eastern Arkansas. Both the L i t t le  Rock and Vicksburg Dis­
t r ic ts  are cooperating in th is  study together with the U.S. Geologi­
cal Survey and other State and Federal agencies. I t  w il l require 
about 3 i years to complete and w ill make recommendations fo r con­
struction of feasible projects as appropriate.
The State of Arkansas represents a v ita l component o f the 
tra d itio n a l c iv i l  works mission of the Memphis D is tr ic t ,  Corps of 
Engineers. Even though water appears to be an abundant resource, 
i t  must be managed in tensively to assure continued a v a ila b ility  and 
high qu a lity .
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S U M M A R A Y
WATER RESOURCES MANAGEMENT
Mr. James B. Kazel
U.S. Army Corps of Engineers, Vicksburg D is tr ic t
The Vicksburg D is tr ic t presentation at the Arkansas Water Con­
ference, December 3-4, 1985, consists of three parts; an overview 
of the Vicksburg D is tr ic t, a synopsis of the major water resources 
projects constructed by the Vicksburg D is tr ic t in Arkansas, and cur­
rent planning studies being conducted in the State of Arkansas by 
the Vicksburg D is tr ic t.
Within the U.S. Army Corps of Engineers' organization the 
Vicksburg D is tr ic t is among the largest of the d is tr ic ts , and i t  is 
also among the oldest being.formed in the 1880's. The overall mis­
sion of the D is tr ic t has included; disaster re l ie f ,  m ilita ry  pre­
paredness, and c iv i l works water resources development.
Some of the major water resources projects constructed by the 
Vicksburg D is tr ic t in the State of Arkansas are; the multi-purpose 
lakes located in the northwestern region of the D is tr ic t (Lake 
Ouachita, DeGray Lake and Lake Greeson), the Ouachita navigation 
project with lock and dams at Calion and Felsenthal, the Lake Chicot 
pumping plant, and various recreation developments associated with 
these water resources projects.
The D is tr ic t recognizes that water resources of the State of
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Arkansas are becoming one of its  most important assets. I t  believes 
that sk illed  planning and careful management are essential to achieve 
the level of e ffic iency in water use which w ill be required in Arkan­
sas' future. To th is  end, the U. S. Congress, at the urging of State 
and local in terests, has directed the Vicksburg D is tr ic t to carry out 
various water resources studies.
The Vicksburg D is tr ic t has a large water resources planning pro­
gram in the State of Arkansas. This program is addressing the water 
problems and needs of the Bayou Meto Basin, the Ouachita River Basin, 
the Red River Basin, and the Boeuf-Tensas Basin. The problems and 
needs being addressed include navigation, flood damage reduction, wa­
te r supply, recreation, hydropower, water qua lity , and w ild life  and 
fish e rie s .
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S U M M A R Y
REAL-TIME HYDROLOGIC DATA COLLECTION
Mr. W. G. Shope, J r .
U.S. Geological Survey
Communication o f hydrologic data using a re lay  o f radio-transm is 
sions d irec ted  from remote data c o lle c t io n  s ta tions  to  an e a rth -o rb it 
ing s a te l l i t e  fo r  immediate broadcast back to  earth provides a v iab le  
a lte rn a tiv e  to  onsite  v is i ts  fo r  the c o lle c t io n  o f hydrologic data. 
S a te ll i te  Data C o llections Systems (DCS) support c o lle c t io n  o f hydrol 
ogic data in near re a l-tim e  fo r  hazard warning systems and water man­
agement. The e ffo r ts  to provide a re lia b le  s a te l l i t e  DCS began w ith  
tes ts  in the 1960's and have been fo llowed by technica l improvements 
to  the s a te l l i te s ,  the tra n sm ittin g  radios (Data C o llec tion  Platforms 
or DCP's) and earth receive s ta tio n s . The operational use o f s a te l­
l i t e  DCS has grown to  more than 3,500 ac tive  DCP's and shows promise 
o f continuing to  expand.
The s a te l l i te s  most o ften  used fo r  the re lay  o f environmental 
sensor data are known as the Geostationary Operational Environmental 
S a te llite s  (GOES) and are operated by the National Oceanic and Atmo­
spheric A dm in istra tion  (NOAA). Numerous GOES s a te l l i te s  have been 
launched beginning in  1977 to  maintain operational s a te l l ite s  over 
the equator o f 75°W and 135°W longitudes w ith  in -o rb it  spares at 
interm ediate long itudes.
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The GOES DCS was designed to support two modes o f DCP communica­
t io n . One is  the in te rrogatab le  mode, where the DCP is  commanded to 
transm it a message by an o p e ra to r- in it ia te d  message relayed to the 
DCP via one o f the GOES s a te ll ite s .  The second, is  the ordered s e lf -  
timed mode where each DCP is  programmed to  transm it a message to  the 
s a te l l i te  under contro l o f a precise clock w ith in  a r ig id ly  defined 
time period. Generally, a DCP is  a llocated a one-minute time s lo t 
every three or fou r hours w ith the c a p a b ility  to transm it a le r t mes­
sages in near rea l-tim e  based on event detection.
The DCP is  located at the remote data c o lle c tio n  s ta tion  and is  
made up o f a rad io , c lock, microprocessor and computer memory. The 
microcomputers tha t contro l the operations o f the DCP are used to 
provide many c a p a b ilit ie s  fo r  the acqu is ition  o f data from the sen­
sors in accordance w ith the sensor update cycles and stored in the 
memory o f the DCP. Advanced microprocessors provide the DCP w ith 
the c a p a b ility  o f examining hydrologic data as i t  was co llected from 
the sensors. Decisions can be made by the microprocessor based on 
the magnitudes o f the values, or the change in data values. I f  the 
magnitude or change in values exceed user program parameters w ith in  
the DCP, the DCP has the ca p a b ility  o f e ith e r transm itting  an imme­
d ia te  a le r t  message or increasing the frequency o f transmission cor­
responding to  the magnitude o f the detected event. New platforms can 
provide on -s ite  data conversion, c a lib ra tio n , s ta t is t ic a l summaries, 
and reso lu tion  o f m u ltip le  parameter equations. The computing power
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o f the microprocessors used in  DCP's now r iv a l the computing c a p a b ili­
t ie s  o f the large o f f ic e  computers used in  the e a rly  1960's.
Although large s tr id e s  have been made in  ins trum en ta tion , the 
e ffe c t iv e  management o f a s a te l l i t e  te lem etry system and the develop­
ment o f the necessary computer software to o ls  fo r  data handling and 
processing requ ire  fu tu re  improvements. During the 1970's the Geo­
lo g ic a l Survey's management and data handling a c t iv i t ie s  fo r  s a te l­
l i t e  DCS were c e n tra liz e d , w ith  data co lle c te d  through the NOAA fa c i­
l i t i e s  and processed and d is tr ib u te d  through the Geological Survey's 
computers in  Reston, V irg in ia . The ce n tra lize d  approach proved to  
be c o s t ly ,  in f le x ib le  and, in  some cases, u n re lia b le .
In the 1980's the Geological Survey began te s t in g  other proce­
dures fo r  managing a network using, in  one case, a con trac to r e f fo r t  
and in  another, a d is t r ib u t iv e  approach fo r  both acqu iring  data from 
the s a te l l i t e  and processing i t .  The contracted e f fo r t  proved to  be 
too expensive but the d is t r ib u t iv e  system, based on a network o f 
D irect-Readout Ground S ta tions (DRGS) connected in to  the Geological 
Survey's na tiona l network o f m ini-com puters, known as the D is tr ib u te d  
Inform ation System (D IS ), shows promise fo r  p rov id ing  the f l e x i b i l i t y  
and con tro l needed fo r  a complete remote data a c q u is it io n  system.
The DRGS comprises an antenna, rad io  rece ive r and decoding equip­
ment, and a m ini-computer th a t functions as a system c o n tro lle r .  These 
c o n tro lle rs  are powerful enough to  manage the operation o f the radio 
re ce ive r, decode the DCP messages, f la g  and disseminate a le r t  messages,
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store the decoded data in a temporary f i l e ,  monitor the performance 
o f the DCP transm issions, provide access fo r  m u ltip le  users, and fo r ­
ward environmental data to the DIS mini-computers colocated at the 
Geological Survey's f ie ld  o ff ic e s . Because the DRGS can be colocated 
w ith  the user or data co llec tion ,ne tw ork  f ie ld  manager, responsiveness 
to user needs has been improved, con tro l has been returned to the 
f ie ld  manager, and system f l e x ib i l i t y  has increased considerably. As 
a re s u lt o f these and other fa c to rs , the use o f these s ta tions  has 
become increas ing ly  a tt ra c t iv e  to  users o f the GOES telem etry system.
In the ea rly  1980's the Geological Survey also began the develop­
ment o f the DIS network o f mini-computers. These mini-computers are 
linked together as nodes in a dedicated nationwide communications ne t­
work. Survey D is t r ic t  o ff ic e s  in almost every s ta te  now have on -s ite  
c a p a b ilit ie s  fo r  processing basic data, running hydrologic s im ulation 
models, and a v a r ie ty  o f adm in is tra tive  and s c ie n t i f ic  app lica tions . 
The DRGS' th a t are being deployed in  Geological Survey f ie ld  o ff ic e s  
have been in te rfaced  w ith  loca l nodes o f the DIS. Real-time hydrolo­
gic data acquired by a DRGS are entered in to  the loca l node o f the 
DIS and accessed by users a t the loca l m ini-computer, or autom atical­
ly  d is tr ib u te d  to  other nodes w ith in  the nationwide system. This 
con figu ra tion  provides an exce llen t opportun ity  fo r  a large number 
o f users to  share the resources o f a small number o f DRGS', as well 
as provid ing backup support c a p a b ilit ie s  fo r  the network o f DRGS's.
By mid-1985 the Geological Survey had approximately 40 DIS nodes and
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7 DRGS' in  operation a l l  lin ked  d ir e c t ly  to  a loca l node.
The flow  o f data from sensor through s a te l l i t e  re la y  to  the ne t­
work o f Survey mini-computers is  shown in  the Figure (a ttached).
The c o lle c t io n , d is t r ib u t io n ,  processing and storage o f data is  auto­
mated fo r  data d e liv e ry  to  the m ini-computer o f the o f f ic e  responsib le 
fo r  operation o f the data c o lle c t io n  s ta t io n s . Future a c t iv i t ie s  in ­
clude enhancement o f the GOES DCS by NOAA to  provide more c a p a b il i ty ,  
a new generation o f low cost DRGS' th a t w i l l  take advantage o f com­
m e rc ia lly  ava ila b le  resources, and improved r e l i a b i l i t y  in  the Survey's 
d is tr ib u te d  data c o lle c t io n  and processing system through added com­































S U M M A R Y
SIGNIFICANCE OF THE STATE WATER PLAN
Mr. Earl Smith
Arkansas Soil & Water Conservation Commission
For many years the demand on Arkansas' apparently abundant ground 
and surface water supplies have seemed n e g lig ib le  in  comparison w ith  
the q u a n tit ie s  a v a ila b le . However, the lowering o f groundwater le v ­
e ls  and the p o te n tia l fo r  degradation o f water q u a lity  has awakened 
many in d iv id u a ls  to  the need o f a s tra tegy  fo r  the wise use o f Arkan­
sas' water resources. Water use has quadrupled in  the la s t  20 years 
and is  expected to  t r ip le  by the year 2020. Continued increases in 
the popula tion and increased economic growth w i l l  not on ly add to  
the water demand, but w i l l  a lso pose a th re a t to  the q u a lity  a v a il­
ab le . S k ille d  planning and ca re fu l management w i l l  be essen tia l to  
achieve the leve l o f e ff ic ie n c y  in  water use which w i l l  be required 
in  the fu tu re .
The Arkansas Soil & Water Conservation Commission received gen­
e ra l s ta tu to ry  a u th o r ity  to  begin work on the f i r s t  Arkansas State 
Water Plan in  1969. Act 217 gave s p e c if ic  a u th o r ity  to  the Commis­
sion to  be the designated agency responsib le fo r  s ta te  leve l water 
planning and mandated the preparation o f a comprehensive State Water 
Plan o f s u f f ic ie n t  d e ta il to  serve as the basic document fo r  d e fin ­
ing water p o lic y  fo r  the development o f land and water resources in  
the State o f Arkansas.
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The f i r s t  completed component o f the 1975 State Water Plan was 
the Ouachita River Basin Report in 1970, followed by the Bartholomew- 
Beouf-Macon River Basin Report in 1972. In 1975 the main report o f 
the State Water Plan was published. Five appendices were completed by 
1978 tha t included: (a) Lakes o f Arkansas, (b) Projections o f Water 
Use, (c) Use o f Red River Water fo r  I r r ig a t io n ,  (d) AWRMIS Data Base, 
and (e) Public Supply Inventory. The ob jective  o f the 1975 plan was 
to develop a statewide plan to assure the best and most e ffe c tive  use 
o f water in the implementation o f local plans to meet current and 
projected demands o f the people o f Arkansas. As more data becomes 
ava ilab le , i t  is  apparent tha t the ever-changing nature and severity  
o f water resource problems and po ten tia l so lu tions require tha t the 
planning process be dynamic to accurately address current issues. Pe­
r io d ic  revis ions to the State Water Plan are necessary i f  the docu­
ment is  to remain v a lid  and re lia b le .
In 1980, planning a c t iv it ie s  began on the 1986 State Water Plan. 
The main ob jective  o f the revised plan was to incorporate new data 
ava ilab le  from recent research, evaluate new and e x is tin g  problems, 
and present sp e c ific  so lu tions and recommendations tha t would re su lt 
in the best and most e f f ic ie n t  use o f water to meet current and pro­
jected demands.
The planning process w il l  consist o f s ix  phases. The f i r s t  four 
w i l l  consist o f gathering, compiling and analyzing data to publish in 
the basin Reports. Phase f iv e  w il l  be the development o f an Executive
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Summary, and phase s ix  w i l l  be period ic  reporting  o f the status o f 
ongoing planning a c t iv it ie s  in accordance w ith the requirements o f 
Act 1051 o f 1985.
The Arkansas State Water Plan o f 1986 w i l l  consist o f basin re ­
ports and an Executive Summary. Each basin report w i l l  include an 
inventory o f s o il and water resources, current and projected water 
use, problems and po ten tia l so lu tions and recommendations.
The Executive Summary w i l l  consist o f a comprehensive statewide 
report tha t summarizes the most s ig n if ic a n t land and water resource 
problems in  the State and p r io r it iz e s  the more feas ib le  so lu tions , 
recommendations and s tra teg ies to address those concerns.
The f i r s t  basin report o f the 1986 Plan was the Boeuf-Tensas 
Report released in March o f 1984 by the Commission. C urren tly , plan­
ning a c t iv i t ie s  have concentrated on the lower Ouachita basin, ex­
pected to be released fo r  review by January, 1986. The Commission 
w i l l  then s h i f t  to  the Upper Ouachita basin, followed by the Grand 
Neosho basin. To ass is t w ith the basin repo rts , an I.P .A . ( In te r ­
governmental Personnel Act) from the Soil Conservation Service and 
the U.S. Geological Survey have been placed on temporary assignment 
w ith the Commission. Additional assistance w il l  be provided by the 
Soil Conservation Service and the Corps o f Engineers, as fo llow s:
(A) The L i t t le  Rock D is t r ic t  o f the Corps o f Engineers are pub­
lis h in g  the Upper White and Upper Arkansas basin reports financed by 
Section 22 monies, (Planning Assistance to the S tates).
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(B) The Soil Conservation Service is  publishing the Upper and 
Lower Red River basin reports by d ire c t con tract.
(C) The Memphis D is t r ic t  o f the Corps o f Engineers has recently 
published a reconnaissance report covering Bayou Meto, Lower White, 
and the St. Francis River basins in eastern Arkansas. With the ad­
d it io n  o f data by the ASWCC s ta f f  to s a tis fy  Act 1051 o f 1985, th is  
document w i l l  serve as the State Water Plan fo r  three basins.
A ll basin report are due fo r  completion by mid-1986 w ith an 
Executive Summary published fo r  the 1987 le g is la t iv e  session. The 
1986 State Water Plan w i l l  serve as a guide fo r  the e f f ic ie n t  develop­
ment o f Arkansas' water and re la ted land resources in the years to 
come.
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S U M M A R Y
Dr. Richard P e ra lta , U/A Dept. o f A g r ic u ltu ra l Engineering
and
Mrs. Ann Pera lta
About 80% o f the water consumed in  Arkansas is  obtained by pump­
ing from a q u ife rs , underground water-bearing geologic form ations.
Pumping by a g r ic u ltu re , ind us try  and m u n ic ip a lit ie s  has caused 
groundwater leve ls  to  dec line  dangerously in  some areas. Where the 
water leve l nears the base (bottom) o f the a q u ife r , the saturated 
thickness (d is tance between the water leve l and the base o f the aqu i­
fe r )  may become too th in  to  a llow  w ells  to  y ie ld  th e ir  designed d is ­
charge.
In Arkansas, land owners are e n t it le d  to  the reasonable use o f 
groundwater pumped from aqu ife rs  underly ing th e ir  p roperty and no one 
is  to  pump so much th a t i t  deprives another o f h is  reasonable use.
Pumping from one w ell causes a decline  in  water le ve ls  a t o ther 
nearby w e lls . As a re s u lt ,  water users in  areas w ith  dangerously 
th in n in g  saturated thicknesses may be caught in  a dilemma in  which 
they must e ith e r ;  (1) reduce water use and p roduction , (2) procure 
an a lte rn a tiv e  source o f water or (3) continue to  deplete the supply, 
becoming inc re as ing ly  vu lnerable to  drought and successful l i t ig a t io n  
by in ju re d  groundwater users.
A remedy to  the problem is  the development and implementation 
o f water use s tra te g ie s  which assure the maintenance o f adequate 
saturated thicknesses w hile  insu ring  the perennial a v a i la b i l i t y  o f 
groundwater.
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For areas where recharge to an aqu ife r cannot possib ly replace 
curren t pumping from the a q u ife r, such s tra teg ies  may require the 
conjunctive or coordinated use o f groundwater and d ive rted  surface 
water i f  cu rren t production is  to  be maintained.
A groundwater pumping stra tegy th a t maintains groundwater leve ls  
a t f a i r ly  constant leve ls  over the long-term is  ca lled  a sustained 
y ie ld  s tra tegy .
In recent years the authors co llabora ted in conceiving the 
Target Level Approach (TLA), a concept and methodology fo r  develop­
ing a sustained y ie ld  s tra tegy to  maintain a predetermined regional 
set o f groundwater leve ls  (po ten tiom etric  surface) and s a tis fy  sa t­
urated thickness con s tra in ts .
Since th a t tim e, the physical and legal fe a s ib i l i t y  o f implement­
ing such s tra teg ies  in c r i t ic a l  groundwater regions in  Arkansas has 
been reported in  the Arkansas State Water Plan.
The TLA is  s ig n if ic a n t fo r  two major reasons: F ir s t ,  a TLA com­
puter model ca lcu la tes a sustainable pumping stra tegy th a t w i l l  main­
ta in  s p e c ific  le v e ls , un like  tra d it io n a l groundwater models which pre­
d ic t  the e ffe c t o f known pumping water le ve ls . Second, the TLA is  a 
hyd ro lo g ica lly  and le g a lly  in tegra ted approach to groundwater espe­
c ia l ly  a tt ra c t iv e  fo r  r ip a ria n  righ ts/reasonable use states l ik e  Arkan­
sas because i t  can be implemented w ithout making rad ica l changes in 
the basic water r ig h ts  system.
There are an in f in i t e  number o f possible sustained y ie ld  s tra te ­
gies fo r  any aqu ife r system and each p a rtic u la r  stra tegy w i l l  cause
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the evo lu tion  and maintenance o f a d if fe re n t  regional po ten tiom e tric  
su rface .
The question is  n a tu ra lly  asked, "Which s tra tegy  and 'ta rg e t ' 
surface is  most des irab le?" The Target O bjective Approach (TOA) ad­
dresses th a t issue. B a s ic a lly , the TOA invo lves the development o f 
sustained y ie ld  s tra te g ie s  and 'ta rg e t surfaces ' th a t maximize a t ­
tainment o f a p a r t ic u la r  predetermined reg ional p o lic y  sub ject to  
appropria te  c o n s tra in ts .
The TOA is  a management o rien ted  to o l which allows fo r  a p r io r  
analys is o f a lte rn a tiv e  water management p o lic ie s . I t  has been used 
to  demonstrate th a t i f  a l l  a g r ic u ltu ra l and in d u s tr ia l water users 
in  the Grand P ra ir ie  were to  reduce pumping by a common p roportion  
in  order to  achieve a sustained y ie ld ,  less than 20% o f cu rren t pump­
ing could be continued.
On the o ther hand, a more h y d ro lo g ic a lly  sound sustained y ie ld  
pumping s tra tegy  has been designed th a t perm its 50% o f cu rren t pump­
ing to  continue. Most in te re s t in g ly ,  however, a s tra teg y  has been 
developed th a t w i l l  assure a sustained y ie ld  and p e re n n ia lly  s a t is ­
fa c to ry  saturated thicknesses in  a l l  parts o f the reg ion , and w i l l  
replace a l l  but about 10% o f cu rren t groundwater use by a combina­
tio n  o f groundwater and d ive rted  r iv e r  water.
To date, several computer s im u la tio n /o p tim iza tio n  models have 
been developed by the s ta f f  and graduate students a t the A g r ic u ltu ra l 
Engineering Department Water Resources Management Laboratory fo r  
both the TLA and the TOA.
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For the TLA, these models combine the use o f lin e a r or quadratic 
goal programming techniques w ith embedded equations describing porous 
media flow .
TOA models, also contain ing embedded flow  equations, have been 
devised which use lin e a r op tim iza tion  to  determine maximum feas ib le  
sustainable groundwater pumping, and to  e ith e r minimize unsa tis fied  
demand or to  minimize the common proportion th a t a l l  water users 
would need to  reduce th e ir  curren t pumping i f  recharge cannot keep 
pace w ith  curren t demand.
Quadratic TOA models minimize the cost o f attempting to  s a tis fy  
curren t water demand from con juntive water supplies and accomplish 
m u ltio b je c tive  op tim iza tion . These models have been applied in eva l­
uating the water supply problem o f e ith e r the Grand P ra ir ie  or the 
Boeuf-Tensas Basins in Arkansas.
Other valuable methodologies have been developed to assure tha t 
ind ividual water users are a ffected as favorab ly as possible under 
re g io n a lly  optimal s tra te g ie s . Target M od ifica tion  Methods (TMM) per­
m it refinement o f a re g io n a lly  optimal stra tegy to  be tte r s a tis fy  lo ­
cal (o r quarter-tow nship-sized) needs.
TMM include in te ra c tiv e  m od ifica tion  o f optimal lin e a r or qua­
d ra tic  s tra te g ie s , m od ifica tion  o f a stra tegy to constrain ground- 
water contaminant movement, and the se lection  o f a compromise s t ra t ­
egy from a pareto optimum o f c o n flic t in g  ob jec tives.
In ad d itio n , dynamic Target Attainment Methods (TAM) and Optimal 
Mining Methods (OMM) have been developed. Both u t i l iz e  embedded po-
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rous media flow  equations, lin e a riz e d  in fluence  c o e ff ic ie n ts  de­
scrib ing the dynamic e f fe c t  o f pumping on tra n s ie n t water le v e ls , and 
o p tim iza tio n .
TAM create regional s tra te g ie s  th a t maximize the evo lu tion  o f a 
p a r t ic u la r  'ta rg e t ' po ten tiom e tric  surface w ith in  a s p e c if ic  planning 
pe riod . OMM create s tra te g ie s  th a t maximize e ith e r  the volume o f 
groundwater th a t can be mined (pumped w ithou t being replaced by a re ­
charge) or the net economic re tu rn  from such m ining.
In summary, a comprehensive group o f to o ls  have been developed 
to  a id  in  the system atic planning and eva luation  o f regional water 
resources p o lic y  and use. The techniques are app licab le  fo r  many re ­
gions where the coordinated use o f groundwater and surface water is  
d e s irab le . They are c u rre n tly  being used to  t r y  to  develop s tra te ­
gies which best assure the sustained a v a i la b i l i t y  o f water fo r  users 
in  two m u lti-coun ty  regions in  Arkansas.
Whether or not such s tra te g ie s  are implemented w i l l  u lt im a te ly  
be decided by water users through th e ir  in fluence  w ith  le g is la to rs  
and water management d is t r ic t s .
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CLOSING REMARKS AND RECOMMENDATIONS
Mr. Randy Young
Arkansas Soil & Water Conservation Commission
I want to  express my apprecia tion to members o f the Advisory 
Committee fo r  th e ir  e f fo r t  to  ensure th a t th is  conference was a suc­
cess. I want to  personally thank Charles Bryant (USGS), Chuck Bennett 
(ADPC&E), B i l l  Bush (AGC), Tom Dennis and Ray Linder (SCS), Danny 
Goodwin and Earl Smith (ASWCC), Dr. Les Mack (UAWRRC), Don P otte r 
(AH&TD), Harold Seifert(AD H ), Jim Shell (ADPC&E) and Gene Washburn 
(LRD-COE).
The panelists did an exceptional job  in  responding and de fin ing  
the questions from the audience th a t demanded answers. I recommend 
th a t the Advisory Committee d igest the in form ation and fa c ts  pre­
sented, then summarize and prepare a d e f in it iv e  l is t in g  o f those 
questions, along w ith  the so lu tions and recommendations presented 
fo r  incorpora tion  in to  the conference proceedings. In a d d itio n , an 
appropria te plan o f action  should be devised fo r  dissem ination o f 
th is  in form ation to  the decision makers.
While attending the conference, I have sensed a true  s p i r i t  
o f cooperation among the p a rtic ip a n ts  and attendees. This is  a 
very p o s itive  signal th a t the process o f discovering equ itab le  com­
promises has been in i t ia te d ,  which w i l l  eventua lly  lead to  so lu tions 
fo r  these d i f f i c u l t ,  complex and sen s itive  water issues. I am t r u ly  
convinced th a t we can adequately address these issues by working
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c lose ly  w ith  each o ther. I like n  th is  to  one th ing  my dad taught 
me w hile  growing up on a da iry  farm near Dover, "breaking a f i r s t  
c a lf  h e ife r in to  m ilk ing  in  the da iry  barn". I f  you t r y  to  m ilk 
her a t arms leng th , you w i l l  be kicked and probably in ju re d . Your 
best chance to  avoid th is  danger is  to  get as close to  her as pos­
s ib le .
In c lo s in g , le t  me thank a l l  o f you again fo r  making the 
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